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INTRODUCTION. 



The Legislature at the session of 1909 passed an act pro- 
viding for an examination of the road materials of the state, 
under the direction of the Board of Geological Survey. (Chap- 
ter 226, Session Laws, 1909). It was stipulated in this law 
that a field examination should be made of the rock deposits 
conveniently located for transportation, and which might yield 
materials suitable for road building. It was further directed 
that samples of such rocks should be tested in the laboratory, 
and that the results of the field-work and laboratory tests should 
be set forth in proper maps and printed reports. Besides a 
general survey it was specifically provided that a number of 
desirable rock deposits should be selected, both east and west 
of the Cascade mountains, where the state might own and oper- 
ate quarries and crushing plants. 

The work of preparing a report upon the rock materials 
was placed by the Board of Geological Survey in the hands of 
the State Geologist. He was assisted in the field by Olaf 
Stromme and Clyde Grainger. The samples that were col- 
lected from the ledges of rock examined were sent to Washing- 
ton, D. C, where they were tested in the laboratory of the 
Office of Public Roads, United States Department of Agricul- 
ture. The results of the tests made upon 171 samples of rock 
are given in later pages of this report. 

In the work of the road material survey the first task under- 
taken was the selection of the state quarry sites. Many locali- 
ties were examined before the final selections were made. In 
determining the proper locations foi* these quarries the chief 
considerations were the quality and quantity of the rock de- 
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posits, their positions as regards easy transportation, and the 
local demands or uses for the crushed rock. Quarry sites were 
fmally chosen at two points west of the Cascade mountains, viz., 
at the south end of Fidalgo Island, on Deception Pass, in 
Skagit county, and at Meskill, a few miles west of Chehalis, 
in Lewis county. At the former place a high cliff of rock rises 
directly from the edge of the Sound, affording transportation 
by water. The material is a feldspathic sandstone of good 
quality for road building. At Meskill the rock is a basalt 
which has been used for some years in road building and its 
good qualities determined by practical use. 

On the east side of the Cascade mountains three sites were 
selected as follows: At Selah Gap, two miles north of North 
Yakima, in Yakima county ; at Marshall, a few miles southwest 
of Spokane, in Spokane county; and at Dixie, 11 miles north- 
east of Walla Walla, in Walla Walla county. At all of these 
places basalt of good quality occurs in sufficient quantities to 
supply large crushing plants for a great many years. In 
each instance a railway line passes directly by the quarry, thus 
making the shipping problem an easy one. 

In making a general survey of the state for deposits of road 
materials it was the policy not to depart very far from the lines 
of easy transportation. Nearly every mile of railway in the 
state was covered, usually on foot, and the various outcrops of 
rock along the way noted. Where such deposits seemed to be 
of value for road building, both as to quantity and quality, 
thirty-pound samples were taken at each locality to be further 
tested in the laboratory. In a similar way the shores of all 
navigable water bodies were explored in the search for road ma- 
terials, and samples taken from all the larger ledges that are 
conveniently located for the establishment of quarries and the 
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easy shipment of crushed rock. About the cities and towns the 
country roads were followed for some miles in an effort to locate 
any desirable deposits that might yield crushed rock for street 
or highway use. 

This report is intended to be a preliminary one only upon 
the road materials of the state. Samples were not collected to 
be tested except where it would be entirely possible to develop a 
quarry and establish a crushing plant, and where the shipping 
problems could be readily solved. Furthermore the principal 
work in the examination of road materials was done where the 
highways of the state will have their most rapid development 
and where the demands for the proper materials for macadam 
roads must first be met. It will be recognized, of course, that 
there are very many other rock deposits within the confines of 
Washington that would yield just as good road materials as 
those mentioned later in these pages, but that the scope of this 
survey was not broad enough to include them. It will remain 
for future surveys to explore the less known or less developed 
portions of the state and thus complete our knowledge of one of 
the most valuable mineral resources of the commonwealth. 



THE ROAD MATERIALS OF WASHINGTON, 



CHAPTER I. 



THE VARIETIES OF ROCKS TESTED FOR USE AS 
ROAD MATERIALS, WITH THEIR GENERAL 

DISTRIBUTION. 

The State of Washington is unique in the great variety of 
rocks which occur within it-s borders. All the common rocks 
are found in large quemtities, and many imusual ones have been 
discovered. The large number of outcrops of bed-rock is unique 
as well. Within the mountains, among the hills, and along 
nearly all the streams the underlying rock projects with great 
frequency through the overlying mantle of broken rock and 
soil. In some localities, usually in the lowlands, or over the 
broad plains, a number of square miles of coimtry may be so 
deeply soil covered that the bed-rock is effectually hidden. Such 
instances as these are the exception emd not the rule. A classi- 
fication of the kinds of rock examined and tested may be made 
as follows: 
Igneous Rocks. Sedimeivtaby Rocks. Metamobfhio Rocks. 



Andeslte 


Granite 


Limestone 


Gneiss 


Basalt 


Granodiorite 


Sandstone 


Marble 


Diabase 


Rhyolite 




Quartzite 


Dlorite 


Syenite 




Schist 


Gabbro 


Volcanic ash 


IGNEOUS ROCKS. 
ANDESITE. 


Serpentine 
Slate 



This variety represents a rock which has usually come to 
the surface of the earth in a molten state, either through vol- 
canic vents or through fissures. Sometimes it occurs as dikes 
which have been intruded into the overlying rock. It is the 
prevailing rock which makes up the large volcanic cones of the 
state. It takes its name from the Andes mountains, where it 
was early found and described. It is usually a gray or green 
rock, almost always mottled in appearance. It possesses a 
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very fine grained ground mass, in which there are commonly 
small crystals of feldspar, with smaller amounts of horn- 
blende, augite, and biotite. As a general thing it is a com- 
pact rock with a small amount only of pore space. 

Andesite is a rock of moderate hardness and toughness, with 
good wearing qualities. As a rule it possesses a high cement- 
ing value so that it binds well in a highway. It is of more 
durability when it is fine grained than when coarse grained, 
especially when care is taken to select rock only that is com- 
pact and free from pores, and that is fresh and unweathered. 

This rock was tested at eighteen locahties in the state, mainly 
in Ferry, King, Pierce, and Snohomish counties. It is of wide- 
spread occurrence, the larger areas being in the high moun- 
tains. In the lowlands it is found very frequently where it 
has been thrust into fissures in the stratified rock, or where it 
has reached the surface and outflowed imtil it congealed. It 
is often foxmd in small low hills or ridges. Sometimes the over- 
burden is so great that the rock can not be economically quar- 
ried. It is one of the valuable rocks of the state as a source 
of road material, and all occurrences of it should be mapped 
and described. 

BASALT. 

Basalt represents a basic variety of the igneous rocks. It 
has a higher specific gravity than most rocks, and a color 
varying from dark gray to black. As a rule it is very fine 
grained, with the crystals too small to be seen with the naked eye. 
Occasionally it becomes more coarsely crystalline and grades 
into basalt porphyry or dolerite. The fracture is almost al- 
ways conchoidal or shell-like, cmd the broken fragments have 
sharp edges. The rock is often very porous due to the pres- 
ence of steam holes. In the process of cooling the steam has 
been under such high pressure that it has formed bubbles about 
which the rock has solidified. The pores so formed vary in 
size from microscopic to several inches in diameter. They may 
occur in such abundance that the rock is really pumice in char- 
acter. Basalt, when very fine grained and compact, is a very 
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durable rock and is very slowly acted upon by the weathering 
elements. 

Basalt is generally regarded as the best kind of rock for 
use as a road material. Care must always be exercised in 
selecting basalt that is fine grained, most compact, and least 
weathered. It is a hard and tough rock, with high specific 
gravity, and offers strong resistance to wear. As a rule its 
cementing value increases as its hardness and toughness de- 
crease. Some basalts are so very hard and tough that they do 
not abrade under the impact of hoofs and wheels and hence 
yield too little dust to serve as a cement in binding the larger 
fragments together. Such rocks should be used only on roads 
where there is the heaviest traffic. For roads of moderate 
traffic basalt should be selected of lower hardness and toughness 
so that the cementing power will be high enough to insure the 
roadway from breaking up and failing to cement properly. 

For this report samples of basalt were selected from 95 lo- 
calities. It is the most common variety of rock in the state. 
It is most abundant in southeastern Washington where it is 
part of a great lava plain, covering over 200,000 square miles, 
which extends across Idaho and Oregon into California. The 
rock occurs here as broad sheets of overlapping lava. The 
basalt has come to the surface in a molten condition and has 
flowed far away from the fissures before it solidified. In some 
of the great cliffs along Columbia and Snake rivers the edges 
of several individual flows may be seen. The total thickness 
of basalt varies from 2,000 to 4,000 feet. A great deal of 
the rock is very porous, especially in those portions near the 
upper surface of each layer. The middle and lower parts of 
a layer or flow are generally dense and rather free from pores, 
and capable of yielding excellent material for road use. 

Basalt is foimd in abundance in other parts of the state, 
sometimes as dikes and at other times as sheets or flows where 
it has welled out of fissures. Outside of the great lava plain 
it is characterized by a very large number of occurrences rather 
than by an unusual amount in any one place. As a rule the 
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rock is of better quality where it is in the form of dikes than 
where it occurs as flows or sheets. Good deposits of basalt 
occur very convenient to transportation, as along Columbia 
river and on the shores of Puget Soimd. Deposits have been 
found along practically all of the railway lines so that it may 
be distributed for road building almost anywhere in the state. 

DIABASE. 

The minerals in this rock are mainly plagioclase feldspar, 
augite and olivine, with more or less magnetite. The feldspar 
crystals are usually long and slender or lath-shaped. The 
other minerals are in small irregular masses among the inter- 
lacing rods of feldspar. The mineral composition is essenti- 
ally the same as in the basalt. The chief difference between 
basalt and diabase is that the crystals in the former are micro- 
scopic in size while in the latter they may be seen with the 
naked eye. The grain of the rock therefore varies from very 
fine to coarse. When it assumes the latter condition it often 
passes under the name of gabbro. In occurrence diabase is 
very similar to basalt in that it is found both as dikes and in 
sheets. Sometimes it forms coarser or central portions of large 
masses of basalt, where the slower cooling has led to a coarser 
crystallization. 

As a road material diabase is usually inferior to basalt be- 
cause of its coarser crystallization, causing it to break up more 
rapidly under the influences of the weather. As a rule it is 
considerably weathered at the surface and stripping must be 
resorted to in order to secure fresh rock. Diabase has a hard- 
ness and a toughness above the average, and almost always it 
possesses strong cementing value. As a general thing it yields 
road material of good quality. 

Tests were made upon diabase from six different localities in 
the state, five of these from western and one from eastern Wash- 
ington. It is likely that at all these places the diabase repre- 
sents the interior portions of large basalt dikes. It has been 
used in road building from one of the six localities only, viz., 
the one at Charleston, Kitsap county. 
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DIORITE. 

In diorite all portions of the rock are entirely crystallized, so 
that there is no groundmass. As a rule the crystals are inter- 
mediate or smaller in size and the grain of the rock is fine 
rather than coarse. The prevaiUng minerals are plagioclase 
feldspar and hornblende, with varying amounts of biotite and 
augite. Quartz is generally absent, and when present the rock 
is usually known as a quartz-diorite. Diorite is commonly 
grayish in color, but becomes darker as the ferro-magnesian 
minerals increase in quantity. This rock is typical of large 
masses of molten matter that have cooled far below the sur- 
face. This has insured a slow rate of cooling and hence a com- 
plete crystallization. Diorite rarely occurs as dikes but as 
great masses of rock covering considerable areas. 

Diorite is not of the highest value as a source of road ma- 
terial. It is of average hardness but is usually low in tough- 
ness. On the other hand the cementing properties are likely to 
be fairly high. The rock decomposes under the weather be- 
cause of the breaking down of the feldspar. It could be used 
very satisfactorily in macadam construction if combined with 
basalt. It would be entirely safe to use it alone if the roads 
were subjected to moderate traffic only. 

Samples were collected at three places, two of them being 
near Granite Falls, in Snohomish county, and the other near 
Curlew, in Ferry county. Diorite is a rather common rock in 
the state, but it is found mostly in the high moimtains. Samples 
were secured from those places only where transportation was 
convenient. 

6ABB&0. 

Gabbro has essentially the same minerals as basalt and dia- 
base, viz., plagioclase feldspars and pyroxenes. It differs from 
these in that the crystallization or grain of the rock is much 
coarser. When the feldspars are in excess the rock is light in 
color ; but the prevailing color is black due to the excess of the 
ferro-magnesiem minerals. Usually the crystals are large and 
—2 
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the mineral constituents may be determined with the unaided 
eye. Gabbro sometimes makes up the central parts of very 
large dikes, and occasionally it forms the innermost portions 
of thick sheets of lava. When it appears as a surface rock it 
is because erosion has stripped off all the mantle above which 
retarded the cooling of the gabbro. 

Specimens of gabbro were collected at Gate, Thurston county, 
and at Blue Creek, Stevens county. At both places it is closely 
associated with basalt, indicating that it represents the coarsely 
crystalline portions of the latter rock. As far as known it is 
not in use anywhere in the state as a road material. When 
fresh it has a hardness and a toughness above the average, but 
with rather low cementing value. It decomposes somewhat 
readily and is easily influenced by the weather. It is compact 
and possesses a high specific gravity. It is clearly inferior to 
basalt for macadam purposes and should not be used if that 
rock can be had. 

GRANITE. 

The prevailing minerals in granite are orthoclase feldspar, 
quartz, and muscovite. Other minerals of frequent occurrence 
are plagioclase feldspars and biotite, with very small quantities 
of magnetite, apatite, and zircon. The lighter colored min- 
erals are in excess and hence the resultant rock is usually gray 
or a related color. The chief factor in determining the color 
is often the orthoclase feldspar. In granite the crystallization 
of the minerals has been complete. While some granites are 
fine grained, more often the crystals are coarse, so the texture 
is in striking contrast with that of basalt and similar rocks. 
This rock rarely occurs in dikes but usually in great irregular 
masses which have solidified from a molten condition at some 
distance beneath the surface. 

Granite is not commonly used for road building purposes. 
When fresh and unweathered it is very hard but at the same 
time is quite brittle. Not only does it lack in toughness but Its 
cementing value is low. It has so little of the necessary bind- 
ing quality which crushed rock should possess that it would 
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often fail in road use. Sometimes it may be recommended for 
a roadway where the traffic will be moderate or light. At other 
times it might be satisfactorily used as the basal course in road 
construction provided that the surface of the highway were 
made out of basalt or some other good rock. It might be ad- 
vantageous at times to mix crushed granite with basalt or lime- 
stone and roll these into the roadway together. 

Granite is a very common rock in the counties of north- 
em Washington. It also occurs along the Snake and Columbia 
rivers, and at several places in western Washington. It varies 
in composition from place to place, but shades into other 
varieties of rocks as its minerals change from one species to 
another. When the quartz gradually disappears from the rock 
it merges into a syenite; as the orthoclase feldspar yields in 
preponderance to plagioclase feldspar, the resultant rock be- 
comes a quartz diorite; while varying percentages of quartz, 
orthoclase and plagioclase feldspars, give rise to granodiorites 
and diorites. 

G&ANOniOEITE. 

This rock is an intermediate one between granite on the one 
hand and quartz-diorite and diorite on the other. Both ortho- 
clase and plagioclase feldspars occur in about equal propor- 
tions, along with quartz, hornblende, and the micas. The rock 
more clearly resembles granite than any other, and almost al- 
ways it is included with the latter except where a technical dis- 
tinction is made. The general description of granite as to 
physical properties, mode of occurrence, and value as a road 
material will apply to granodiorite equally as well. 

Granodiorites were collected at eight localities as follows: 
Leavenworth, Chelan county; near Alkire, Ferry county; Hal- 
ford, Index, and Scenic, King county ; Ruby, Okanogan county ; 
and Camden and Loon Lake, Stevens county. At several of 
these places quarries are in operation where the rock is sold 
under the name of granite. Granodiorite is evidently of com- 
mon occurrence in the state, chiefly in the northern or north- 
eastern counties. 
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RHTOLTTE. 

This rock has essentially the same chanical composition as 
granite, but it differs from the latter in the degree of crystal- 
lizaition. Rhyolite has a groimdmass which may be finely 
crystalline or glassy, with well defined crystals of orthoclase 
feldspar, quartz, and sometimes biotite and hornblende. In 
texture, therefore, the rock varies from compact or fine grained 
to a coarseness where the crystals may be easily seen with the 
naked eye. The light colored minerals so preponderate in the 
rock that dark colored rhyolites are imcommon. Rhyolite oc- 
curs both as dikes and surface flows. It is a rock in which the 
rate of cooling has been rapid. When the rate of cooling has 
been retarded, as at the center of a great lava flow, the crystal- 
lization will be complete and granite will be the result. 

For use as road material rhyolite does not have many strong 
points. It is high in silica and hence is not only very hard but 
is not readily weathered or decomposed. It is very brittle and 
has a low degree of toughness. It has very poor cementing 
qualities and does not bind well in macadam work. It might be 
used to advantage with other rock that possesses desirable bind- 
ing properties. 

Rhyolite is comparatively rare in Washington. Samples were 
collected and tested from Wenatchee in Chelan county, and from 
Wolfred in Stevens county. 

SYENITE. 

Typical varieties of this rock are made up essentially of ortho- 
clase feldspar and hornblende. Besides these minerals, plagio- 
clase feldspar and biotite are very generally present. Syenite 
is allied to granite, the principal difference being in an almost 
entire absence of quartz. The color of syenite is light rather 
than dark, the determining factor being the color of the ortho- 
clase feldspar. The rock is composed entirely of crystals, usu- 
ally small but sometimes large in size. Syenites belong to a 
class of rocks that have cooled far aaough below the surface to 
have insured a slow rate of cooling. They usually occur in 
large masses rather than in small dikes. 
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For use in road building syenites are open to some of the ob^ 
jections urged against granites. They are very hard but they 
lack in toughness. Not only are they brittle but their cement- 
ing power is not high. However, as a rule, the cementing qual- 
ity is better developed in syenite than in granite. 

Syenite is not a common rock. Samples were collected at 
only two places in the state, viz., near Wenatchee, in Chelan 
county, and at Kapowsin, in Fierce county. 

VOLCANIC ASH. 

A sample of volcanic ash was secured at Meyers Falls, Stevens 
county. It is a fine grained, greenish gray, highly indurated 
ash composed essentially of angular fragments of chloritized 
plagioclase and rock glass cemented together by calcite, quartz 
and chlorite. It has average hardness but a high degree of 
toughness. It offers high resistance to wear and possesses fair 
cementing value. 

SEDIMENTARY ROCKS. 
UMESTONE. 

Limestone is a sedimentary rock which is almost always of 
marine origin. . It is usually made of the broken fragments of 
shells which accumulate on the sea-floor, near the continents, but 
beyond the range of the sediments brought from the land. 
When the sediments are made exclusively of shells the resultant 
limstone is pure. With the shells a varying amount of silt or 
sand may be deposited, giving rise to impure limestone which 
may grade into calcareous clays or calcareous sandstones. 
Sometimes the shells may be so thoroughly ground up by wave 
action that the individual shells can not be recognized in the 
limestone. Quite often after the limestone is made the shells 
are dissolved by heated waters that percolate through them and 
the whole mass then assumes a crystalline condition. This has 
been so universally true in Washington that shells in the lime- 
stone are very uncommon. All of the rock is in a more or less 
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crystalline condition, and the major part of it has been trans- 
posed into marble. 

Limestone is very much used as a road material in some lo- 
calities, especially where it is the prevailing coimtry rock. It 
varies very much in hardness and toughness, and one objection 
to it has been the ease with which it is usually ground up imder 
heavy traffic. On the other hand it has excellent binding quali- 
ties and is noted for its high cementation. It is easily crushed 
and prepared for the highway and this fact has been favorable 
to its use. It is not likely that limestone will ever be used in 
road building in Washington because of its scarcity and the 
demands upon it for other very necessary uses. 

Two samples of limestone were collected for testing. One of 
these was from Curlew Lake, and the other near Republic, both 
in Ferry county. They are highly crystaUine in character, and 
mark intermediate conditions between limestone and marble. 
Similar limestones or marbles are found rather abundantly in 
Stevens and Ferry counties. They occur in less quantity in 
Okanogan, Whatcom, San Juan, and Skagit coimties. Except 
for deposits at rare intervals they are unknown in other parts 
of the state. 

SANDSTONE. 

This rock is of sedimentary origin and may be made in lakes 
or in the sea. It is composed essentially of sand, derived mainly 
from rocks with a high percentage of siUca. The hardness of 
sandstone depends in part upon the kind of cement which binds 
the sand grains together. When silica is deposited as a cement 
among the grains a very hard and durable rock results, known 
as quartzite. Sandstones and quartzites grade very naturally 
from one into the other. Sometimes during the deposition of 
the sand upon the sea or lake floor other sediments may be in- 
cluded, due to a failure in the sorting action of the water. When 
coarser sediments are included, such as gravel, the resultant 
rock may represent intermediate stages between sandstone and 
conglomerate. When silt is deposited with the sand the rock 
may represent gradations from sandstone into shale. 
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Sandstone is not often used in macadam work because of its 
low binding power. It usually does not run high in the cementa- 
tion test. When fresh and unweathered it is a hard rock, espe- 
cially when silica has been used to any extent as a natural 
cement to bind the grains of sand together. In the Washing- 
ton sandstones the ingredients have been generally derived from 
granitic rocks. In the processes of weathering, erosion, and 
deposition of the granitic materials the sorting action has been 
incomplete, so that along with the silica grains there is much 
feldspar and other minerals. The presence of feldspar adds to 
the binding qualities of the crushed rock. The sandstones of 
the state sometimes give high results in the cementation test 
because of the unusual amount of feldspar present. 

This rock occurs very commonly within the Cascades, and be- 
tween those mountains and the sea. In some places, such as 
about Bellingham, Wenatchee, Roslyn and elsewhere great lakes 
were once in existence wherein thick beds of sandstone were laid 
down. Similar rocks occur in the northeastern counties where 
smaller lakes were once common. The sandstones of the western 
margin of the state are of marine origin, having been deposited 
along the margin of the continent. Samples of sandstone were 
collected for testing from Cashmere, Chelan county; Raymond, 
Pacific county ; Fidalgo Island, Skagit county ; Waldron Island, 
San Juan county; Colville and Newport, Stevens county; and 
Wickersham, Deming and Chuckanut, Whatcom county. 

METAMORPHIC ROCKS. 
GNEISS. 

Gneiss is a rock which very commonly has the same miner- 
alogical composition as granite. It differs from granite chiefly 
in the fact that it is a laminated or banded rock, and possesses 
this characteristic of a stratified rock. It represents a rock of 
the granite type that has been so metamorphosed by heat and 
pressure that it is much altered from its original condition. It 
is sufficiently like granite in its composition and physical prop- 
erties that it may be regarded as having the same properties 
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when looked upon as a road material. It ordinarily passes for 
granite when used commercially and in hand specimens it is 
sometimes difficult to detect it from granite. Gneiss is not an 
uncommon rock in the northern counties of the state where meta- 
morphic rocks are the rule. It makes up the canyon walls along 
Columbia river at many places north of Wenatchee. From 
Wenatchee down the river for many miles both banks of the 
stream are strewn with angular blocks of gneiss of great size^ 
which were brought to their present positions by a great glacier 
which once descended the Columbia. In Wenatchee some of the 
masses of gneiss have been crushed and used in macadamizing 
the streets. This rock is well-nigh valueless because it is so 
deeply weathered that its durability is gone. 

This rock represents a limestone that has been so meta- 
morphosed that it is now in a crystalline condition. The chief 
agent of metamorphism is water at a high temperature. Marbles 
are usually made by the folding and deformation of limestones, 
and hence they are generally produced in mountain building. 
As far as their road building qualities are concerned they are 
very similar to limestones. In Washington there are very few 
places where the limestone has not been wholly changed to 
marble. When the original limestone Was made up of shells only 
the resultant marble is white in color. Usually there were 
enough foreign substances in the limestone to cause the marble 
to vary in color from dark gray to almost black. 

The chief localities in Washington where marble occurs are 
in the northern counties. It outcrops at very many places in 
Stevens county, but at fewer places in Ferry and Okanogan 
counties. In these counties the marble is not a pure calcium 
carbonate as a rule but usually contains a considerable per- 
centage of magnesium carbonate as well. In northwestern 
Washington marble is found at many places on the San Juan 
islands, and much more sparingly in Whatcom and Skagit 
counties. At all these places the rock is an almost pure cal- 
cium carbonate, especially free from magnesia. Samples were 
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collected at eight places, and tested for their value as road 
materials. These localities were as follows: Zindel, Asotin 
county; Barstow, Ferry county; Oroville and Molson, Okan- 
ogan county; Chewelah, Evans, and Northport, Stevens 
county; and Kendall, Whatcom county. 

QUASTZITE. 

This is a rock which has been made very compact and hard 
by the cementation of a sandstone by silica. When heated 
waters percolate through a sandstone they frequently carry 
silica in solution which may be precipitated among the sand 
grains to such a degree that the pore space is all eliminated and 
the rock becomes essentially one mass of silica or quartz. The 
degree of metamorphism determines how far the original sand- 
stone is changed over into quartzite. A quartzite is a very 
hard but brittle rock, and usually the crushed particles do not 
cement together well in a roadway. 

Quartzites are more or less common in the state where the 
sandstones have been metamorphosed. Like marbles these rocks 
are more likely to be found where folded strata are the rule. 
They are generally formed far below the surface and are only 
exposed after long continued erosion. They were collected at 
two localities in the state, viz., at Friday Harbor, in San Juan 
county, and at Steptoe Butte, Whitman county. 

SUITE. 

Slate is a metamorphic rock which has been formed by the 
compacting and hardening of shale. Originally it has come 
from clay and under the weathering influences it will return to 
that condition again. After the clay or silt is first deposited 
on the sea-floor or on a lake bottom it is compacted into shale. 
When the beds of shale are folded or squeezed, as in the pro- 
cess of mountain building, the rock is made so much more com- 
pact that slate is the result. The natural associates of slate 
are marble and quartzite. One of the striking physical prop- 
erties of slate is its cleavage whereby it will break into thin 
slabs of large size and remarkable smoothness. 
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Slate is not commonly used in road building. At times it 
is very hard but in general it is disposed to be soft, especially 
where it has weathered to any extent. Its tendency to easy 
splitting or cleavage causes it to break up readily under traffic. 
It should not be used when better rocks are available. 

This rock occurs at many places in Washington, chiefly in 
the northern Cascades where metamorphic rocks are the rule. 
It was collected for testing at only one place, viz., Burlington, 
in Skagit county. 

SESFENTINE. 

Serpentine is usually formed by the alteration of a basic ig- 
neous rock. Whenever such a rock, composed chiefly of the 
ferro-magnesian minerals, is acted upon by the agents of meta- 
morphism a hydrous magnesian silicate, known as serpentine, 
is the result. Serpentine is usually green in color and has a 
greasy feel. It is a very soft rock, with low 'toughness and 
low resistance to wear. It has a high cementing value and this 
is the only property to recommend it as a road material. 

A sample of serpentine was secured at only one place, and 
that was Granite Falls, Snohomish coimty. The rock at this 
place is composed essentially of the minerals serpentine, talc, 
and magnetite, with minor quantities of bronzite, enstatite, and 
limonite. 

SCHIST. 

This is a metamorphic rock with laminations of such a na- 
ture that it breaks readily along parallel planes. In this re- 
spect it resembles slate, except that the cleavage is not so pro- 
nounced. In composition schist often resembles gneiss. As a 
rule the former is finer grained than the latter. Schist is com- 
monly classified according to the mineral in it which appears 
to be the most conspicuous. Mica schist is a very common 
type, where the white mica, muscovite, appears as the ruling 
mineral. 

Schist is of little value as a road material. It is soft, lack- 
ing in toughness and resistance to wear, and has only moderate 
cementing value. One sample only was collected, that being at 
Wickersham, Whatcom county. 



CHAPTER II. 

METHODS OF TESTING ROAD MATERIALS, WITH 
THE RESULTS OF THE TESTS MADE UPON 

WASHINGTON ROCKS. 

In the construction of the best highways a large number of 
factors are necessarily involved. Among these may be noted 
the choice of a proper gradient for the roadway, good drainage 
of the roadbed, the selection of first-class materials for road use, 
and the application of such materials in the best way known 
to engineering science. Since this report has to do only with 
road materials this factor alone will be considered in connec- 
tion with highway construction. 

In the selection of rock for macadam purposes, it is neces- 
sary or desirable that competent methods be employed tp de- 
termine the value of the material. There are in general three 
methods available for use in the examination of rocks for road 
building purposes. These are (1) an examination of the rock 
in the ledge, such as in a quarry or at the natural outcrop, 
(2) a practical use of the rock in a highway, and (8) labora- 
tory tests upon selected samples. 

EXAMINATION OF ROCK IN THE LEDGE. 

An examination of the bed-rock at its natural outcrop or in 
a quarry is usually of value in estimating its desirability for 
macadam purposes. The resistance which the rock offers to 
the agents of weathering may be determined usually by the 
topography of the outcrop. If it projects boldly above the 
surrounding country the rock has strong powers of resistance 
and will withstand in a marked degree the ordinary weather 
attacks. If the bed-rock is deeply buried under an overburden 
of broken rock and soil which has been produced by Ij^e weath- 
ering of the rock in place, the chances are that the bed-rock 
will not yield first-class road material. The chief character- 
istics of the rock which should be noted in a field examinatioii 
are the mineral ingredients, coherency, porosity, texture, frac- 
ture, and the natural cracks or joints. 
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MINEKAL CONSTITUENTS. 

Since all rocks are but aggregates of minerals it is evident 
that the character of any rock is largely determined by its 
mineral ingredients. The kinds of minerals, with the relative 
amounts of each, are important factors. The hardness and the 
solubility of the rock are determined by such characters in the 
individual minerals. If the minerals are known to be hard the 
rock is hard; if there are soluble minerals within the rock the 
whole mass will gradually . fall apart. Solubility is at once 
both an advantage and a disadvantage. A moderate degree 
of solubility, when precipitation of the soluble portion takes 
place within the crushed rock, yields marked binding qualities. 

COHERENCY. 

The coherency of a rock gives rise to the quality known as 
toughness, which is a necessary attribute of any stone de- 
signed for highway purposes. In igneous rocks, such as gran- 
ite, the coherency depends upon the extent of interlocking of 
the crystals. In sedimentary rocks, such as sandstone, the co- 
herency depends mainly upon the degree of cementation of the 
grains. The toughness of a rock may usually be determined 
in a practical way by breaking off small pieces of rock from 
the ledge. The degree of toughness varies with the strength 
of the blow necessary to disrupt the mass. 

POEOSITY. 

The amount of pore space in a rock may be determined usu- 
ally by an examination with the eye alone or by means of a 
small magnifier. In general as the degree of porosity in a 
rock increases its value for road purposes decreases. This is 
because of a decline in its specific gravity, a lowering of its 
crushing strength, and a greater liability to the disruption of 
the roadJby frost action. In a sedimentary rock the porosity 
varies with the size of the water-worn fragments out of which 
the rock is made, and with the amount of cement which was 
added after the original deposition of the sediment. In igne- 
ous rock, such as basalt, the porosity is usually due to steam 
holes caused by an original overplus of water. 
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TEXTURE. 

By texture is meant the sizes of the grains which compose the 
rock. This quality is easily detected with the naked eye. In 
general the finer the grain the more valuable is the rock as a 
source of road material. Rocks which are very coarse in grain 
should not be used when fine-grained ones may be had. As the 
size of grain increases, especially when the rock is made up of 
minerals widely different in their co-efficients of expansion, the 
mass is more readily disrupted through expansion and contrac- 
tion. This would be the case particularly in a region where 
rapid changes of temperature are common. 

FBACTURE. 

The fracture is the kind of surface that is produced when the 
rock is broken. An even surface is not as desirable as a rough 
one b/ecause it decreases the binding quality of the crushed 
rock. The conchoidal or shell-like fracture of basalt is re- 
garded as a very desirable one because it renders marked as- 
sistance in binding together the broken fragments of rock. 
The fracture of a rock is one very readily determined by break- 
ing off fragments from the ledge, and observing the character 
of the broken surfaces. 

JOINTING. 

The joints are natural cracks or planes which may be found 
in every ledge or quarry. They are generally in excess near 
the surface, and decrease with depth. When they occur with 
proper frequency they are helpful in lowering the cost of 
quarrying the stone for crushing. When they occur too fre- 
quently the rock after it is crushed may have too many sur- 
faces that are smooth rather than rough. 

PRACTICAL USE OF THE ROCK. 

Since the best tests are always made in the laboratory of 
experience, the long continued successful use of a rock affords 
the only test which may be regarded as final. When this test 
is employed it is desirable to know many things besides the 
quality of the rock, such as the condition of the roadbed, the 
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method of applying the crushed rock, the care and maintenance 
of the highway, the nature of the traffic, etc. In the older com- 
munities where macadam roads have been in use for many years 
the test of experience is the most valuable one and the one 
which should be used as far as possible. In the younger com- 
munities, such as those in Washington, so very few macadam 
roads have been constructed that the test of successful use can 
rarely be applied in the discussion of what material to use in 
highway work. For the present the other methods of examina- 
tion must be depended upon, and the experience test left for 
the future. 

LABORATORY TESTS UPON SELECTED SAMPLES. 

The tests which may be performed in the laboratory are valu- 
able supplements to the field examination of a ledge of rock, 
as described above. The difficulties in the way of a laboratory 
test are those attendant upon such vast differences in the scale 
of operations, and upon the impossibility of attaining in the 
laboratory conditions similar to those of a highway. The re- 
sults of such tests can only be regarded as approximate, and 
never as wholly conclusive. The Office of Public Roads, U. S. 
Department of Agriculture, Washington, D. C, has equipped 
an excellent laboratory where the tests described below were 
made and where the utility of rocks for road building are de* 
termined. The following statements in explanation of hard- 
ness, toughness, resistance to wear, cementing value, and weight 
per cubic foot are taken from a leaflet entitled ^^Maximum and 
Minimum Results on Rock Samples, corrected to January 1, 
1910," and published by the Office of Public Roads. 

HARDNESS. 

By hardness is meant the resistance of a rock to the grinding 
action of an abrasive agent like sand, and it is tested as follows : 

A core one inch in diameter, cut from the solid rock, is faced 
off and subjected to the grinding action of sand fed upon a 
revolving steel disk against which the test piece is held with a 
standard pressure. When the disk has made 1,000 revolutions 
the loss in weight of the sample is determined. In order to re- 
port these results on a definite scale which will be convenient 
the method has been adopted of subtracting one-third of the 
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resulting loss in weight in grams from 20. Thus a rock losing 
6 grams has a hardness of 20 — 6-3 or 18. Experience has 
shown this to be the most convenient scale for reporting re- 
sults. The results of this test are interpreted as follows: Be- 
low 14, rocks are called soft; from 14 to 17, medium; above 
17, hard. 

TOUGHNESS. 

By toughness is meant the resistance a rock offers to fracture 
under impact ; such, for instance, as the striking blow given by 
a shod horse. This property is tested in a specially designed 
machine built on the pile driver principle, by which a standard 
weight is dropped upon a specially prepared test piece until 
it breaks. The height in centimeters of the blow which causes 
the rupture of the test piece is used to represent the toughness 
of the specimen. Results of this test are interpreted so that 
those rocks which run below 13 are called low; from 13 to 19, 
medium; and above 19, high. 

RESISTANCE TO WEAR. 

Resistance to wear is a special property in a rock, and al- 
though it depends to a large extent upon both the hardness 
and the toughness of the rock it is not an absolute function of 
these qualities. 

The per cent, of wear in the table refers to the dust and 
detritus below one-sixteenth of an inch in size worn off in the 
abrasion test. The test is made in the following manner: 
Eleven pounds (5 kg.) of broken rock between 1^ and £l/^ 
inches in size, 50 pieces if possible, are placed in a cast-iron 
cylinder mounted diagonally on a shaft and slowly revolved 
10,000 times. 

The French coefficient of wear is obtained by dividing 40 
by the per cent, of wear. Thus a rock showing 4 per cent, of 
wear has a French coefficient of wear of 10. The French engi- 
neers, who were the first to undertake road-material tests, 
adopted this method of recording results. They found that 
their best wearing rocks gave a coefficient equal to about 20. 
The number 20 was therefore adopted as a standard of excel- 
lence. In interpreting the results of this test a coefficient of 
wear below 8 is called low; from 8 to 13, medium; from 14 to 



32 Bulletin No, S, Washington Geological Survey 

20, high; and above 20, very high. Rocks of very high 
sistance to wear are only suited for heavy traffic. 

CEMENTING VALUE. 

By cementing value is meant the binding power of the road 
material. Some rock dusts possess the quality of packing to a 
smooth, impervious mass of considerable tenacity, while others 
entirely lack this quality. Cementing value should not be con- 
fused with the property possessed by Portland cement, which 
causes it to set into a hard, stone-like mass when mixed with 
water. The cementation test is made as follows: 

The rock sample is ground in an iron ball mill with sufficient 
water to form a stiff, fine-grained paste. From this paste 
small briquettes 1 inch (25 mm.) in diameter and 1 inch high 
are molded under pressure. After thorough drying the 
briquettes are tested under the impact of a small hammer which 
strikes a series of standard blows. The number of blows re- 
quired to destroy the briquette is taken as a measure of the 
cementing value of the dust. Some rock dusts, when thor- 
oughly dried into compact masses, immediately slake or disin- 
tegrate when immersed in water. It is considered that the 
tendency to act in this way is not a desirable characteristic of 
a road material, as it would lead to muddy conditions on the 
road surface after rains. The test is interpreted so that ce- 
menting values below 10 are called low; from 10 to 26, fair; 
from 26 to 76, good; from 76 to 100, very good; and above 
100, excellent. 

WEIGHT PEB CUBIC FOOT. 

The weight per cubic foot refers to the weight of the ma- 
terial in the form of a solid and not as broken stone. 

On the following pages Tables A and B represent the re- 
sults of tests made in the laboratory of the Office of Public 
Roads. Table A gives the results of tests on rocks which were 
collected in all parts of the United States, corrected to Janu- 
ary 1, 1910. Table B gives the results of tests made upon 
rocks selected from Washington alone. In order to determine 
the relative value of any rock mentioned in Table B the re- 
sults of the test upon it should be compared with those upon 
the same kind of rock mentioned in Table A. 
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CHAPTER ni. 

THE DISTRIBUTION OF ROAD MATERIALS WITHIN 

THE STATE, BY COUNTIES. 



ADAMS COUNTY. 

6ENEKAI4 STATEMENT. 

Adams county is located in the eastern plateau region of the 
state, and varies in elevation from £,000 feet in the northeast- 
em portron to 700 or 800 feet in the southwestern part, as 
Columbia river is approached. The surface of the county is 
made up of shallow valleys with rolling uplands between the 
stream courses. The valleys are locally known as coulees, and 
are usually wide with flat bottoms and bordered with low cliffs 
of rock. There are but few permanent streams in the county, 
the majority of them being of the intermittent type. The pre- 
cipitation is largely in the form of snow and the principal 
run-off of the streams is in the late winter or early spring 
months. All the streams dry up in the summer except those 
which head in lakes or permanent springs. 

The principal bed-rock of the county is basalt, except in 
the southwest comer where some stratified deposits of sand- 
stones and shales occur. The basalt varies much in character, 
ranging from a compact, fine-grained black rock to a porous, 
brittle rock having a brownish color, with numerous beds of 
red pumice, yellowish ash and more or less f ragmental material. 
The sedimentary rocks noted above form the low rounded east- 
em hills of Saddle mountain where sections 100 feet in thick- 
ness are exposed. Outcrops of the same kinds of rock occur in 
railway cuts for several miles north and east of Othello. In 
general this formation consists of soft gray sandstones and 
yellow or buff shales, usually in thin layers. 

All parts of the county are now very well supplied with rail- 
ways. Three lines of railway, with some branch lines, cross the 
county in different directions. The public roads are not good. 
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Fio. 1. Central part of Adams county. 
Scale, 1 inch equals miles. 

being poorly laid out, very dusty in summer, and muddy in 
winter and spring. The larger towns are without connection 
by even fairly good roads and neighboring towns on different 
railway Unes are without proper means of communication. A 
system of main thoroughfares, properly graded and drained, is 
urgently needed. Such roads should be covered with crushed 
rock, beginning at the larger towns, and carrying the work 
into the country as rapidly as possible. 



BOAD MATEKIALS TESTED. 

Serial Number 1. 
This sample was taken from the south side of the coulee one- 
half mile west of the Chicago, Milwaukee & Puget Sound Rail- 
way station at Lind. The material is a dense, fine-grained, 
gray black basalt. It is a hard rock with average toughness, 
high resistance to wear and fair cementing value. It is a 
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satisfactory rock to use on macadamized streets or roads. At 
the point where the sample was taken considerable rock has al- 
ready been removed and the face of the cliff exposed for a 
hight of 20 feet. A face much higher than this can not readily 
be secured owing to the gentle slope of the coulee wall at this 
point. The best rock occurs in vertical columns varying from 
18 to 80 inches in diameter, and broken or jointed quite regu- 
larly about every two feet. The rock splits in blocks quite 

readily, and when finally 
broken has a decided con- 
choidal fracture with sharp 
edges. The slight overbur- 
den of soil is readily remov- 
able, and access to the 
quarry is easy by wagon 
road. This rock has been 
used to some extent for 
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Fio. 2. Position of basalt quarry, 
near Llnd. 



foundation blocks, retain- 
ing walls, etc., for which it 
is well adapted on account 
of its being easily worked. 
It would be useful for pav- 
ing blocks, and as a road material it is probably the best in the 
county. Thus far no road surfacing has been done in this part 
of the county. 

There is but little road material that is good in the remain- 
ing parts of the county. Along the Chicago, Milwaukee and 
Puget Sound railway east of Lind rock cuts are very common. 
The rock is usually quite porous and not very desirable for 
road purposes. Near Vassar there is some good black basalt 
which is deeply covered with soil. There is a small bed of 
gravel two miles east of Lind and other similar deposits be- 
tween Marengo and Paxton. 

Basalt is very abundant from Washtucna to Benge, along 
the valley of Cow creek. The quality is usually good, and the 
rock is in columns which in some places might be conveniently 
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quarried. The cliffs are generally quite low and somewhat 
difficult of access. Much overburden is rare as there is only 
occasionally a deep soil covering. Basalt in low cliffs is often 
exposed as a rim-rock along the Lind and Providence coulees. 
At almost all these places it is so porous and mixed with piunice 
that it is unwise to use it for macadam purposes. Good quarry 
sites, convenient to Adams county, where satisfactory road ma- 
terials may be economically secured are at Kahlotus, Lamont 
and Sprague. 

ASOTIN COUNTY. 

6ENERAI4 STATEMENT. 

Asotin is the extreme southeastern county of the state and 
extends from the broad and deep valley of the Snake river on 
one side to the summit line of the Blue mountains on the other. 
Apart from the valleys of Snake and Grand Ronde rivers the 
county is in the main a plateau region, deeply dissected by 
canyons. The great variation in topography leads to consider- 
able differences in the amount of yearly rainfall. The precipi- 
tation along the deeper valleys is so low that irrigation is neces- 
sary for agriculture; upon the plateaus and foothills of the 
mountains the rainfall is ample for the growth of wheat and 
other cereals ; upon the higher mountains there is a good forest 
growth of pines, firs and other conifers. 

All the county at one time was deeply ' covered by flows of 
basalt rock. Along Snake and Grand Ronde rivers cliffs of 
basalt aggregating S,000 feet in height are common. Lesser 
cliffs of basalt border the smaller canyons and throughout the 
whole county there is wide distribution of this rock. Inter- 
stratified with the layers of basalt there are occasional beds of 
rock composed of fragmental materials which were deposited in 
small lakes. One of these localities is two miles north of Asotin 
along Snake river. The rock varies in color from light blue- 
gray to yellowish brown, and is composed of ashes, cinders, and 
fragments of basalt that have been compacted and cemented 
into a solid mass. Some of this rock has been used for building 
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Fio. 3. Eastern part of Asotin county. 
Scale, 1 Inch equals 6 miles. 

purposes, but is not desirable for road making. It is quite 
soft when quarried and cuts readily, but hardens considerably 
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on exposure. It may prove to be of considerable value for 
decorative cut stone work. 

At the base of the cliffs along Snake river certain rocks ap- 
pear which are older than the basalt and which have only been 
brought to view because of the extensive erosion of the basalt. 
These rocks are mainly granite, limestone, and dolomite and 
they made up the earlier floor of the county over which the 
basalt flowed. One of the prominent granite localities is at 
the mouth of Birch creek, on Snake river, south of the mouth 
of the Grand Ronde. Immediately south of the mouth of the 
latter stream, and overlooking Snake river, is a large deppsit 
of dolomite which has been changed into marble. The granite, 
marble, and all the more compact basalt are useful in road 
building. Along Snake river the many bars yield gravels which 
may also be readily obtained for use in surfacing roads. 

The great majority of the people in the county, live in the 
valleys of Snake river and its liarger tributaries. A system of 
good roads is needed to connect the larger towns of the valleys. 
The principal road of the county at present is the Clarkston- 
Asotin road which leads on southward to Anatone. The latter 
section of the road, that from Asotin to Anatone, is fairly 
good in summer when it packs well but is nearly impassible dur- 
ing the rainy season. The Clarkston-Asotin road is a poor 
one at all times, dusty as well as rocky in siunmer, and muddy 
in winter. With a good quality of road building materials well 
distributed over the county, it should not be long until the 
main roads are properly graded and surfaced. 

BOAD MATEBIALS TESTED. 

Serial Number 2. 

This sample was taken from Sittke's quarry, about one-half 
mile south of the town of Asotin. The rock is a dense, fine- 
grained, dark gray basalt. It is hard and tough, has high re- 
sistance to, wear, and possesses good cementing value. It is 
very good material for crushed rock for street and road con- 
struction. The rock is in the form of columns, with frequent 
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cracks or joints, making it easily workable. Enough stone has 
been taken out to make a face 85 feet in height, and the exten- 
sion of the quarry floor into 
the hill would readily pro- 
vide a working face from 
100 to 150 feet high. The 
quarry floor is about £50 
feet above the flat on which 
the town is situated and is 
reached by a wagon road. 
The soil covering on the 
rock is thin, and in many 
places wholly absent. There 
is an opportunity here for 
the establishment of an eco- 
nomical crushing plant, with 
a gravity system, using excellent rock that is inexhaustible in 
quantity. 

There is a cliff of excellent columnar basalt along the south 
bank of Snake river four miles west of Clarkston. The columns 
average about eighteen inches in diameter and have a vertical 
position. The rock forms a bold cliff 100 feet high and several 
hundred feet long. The material from this locality could be 
very readily transported by water. 

Serial Number 3. 

This sample was taken from the side of Rogers mountain, 
overlooking Snake river, at a point about one mile south of the 
mouth of Grand Ronde river. The nearest postoffice is Zindel, 
on the Grande Ronde, about two miles west. The rock is a 
dolomite which has been so altered that it is now a marble. It 
is comparatively soft and when tested showed that it had low 
resistance to wear. It possesses fair cementing value and could 
be used in road construction for all highways except those hav- 
ing heavy trafiic. In appearance it is a massive gray to black 
rock, at times considerably jointed. To this time it has not 
been used for any purpose, chiefly because of a lack of trans- 
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Fio. 5. Rogers Mountain, near Zindel. 



portation. Similar deposits on the Idaho side of the river are 
being opened up preparatory to utilization. 



BENTON COUNTY. 



OENSBAIi STATEMENT. 



This county is situated within the great low plain of Colum- 
bia river. The only localities where the plain verges into 
plateaus and hills are along the divides south and north of 
Yakima river. Extending east and west along the general 
divide between the Yakima on the north and the Columbia on 
the south is the eastern end of the Horseheaven plateau, which 
extends from the Cascades to the Columbia. North of Yakima 
river is a barren plateau which has been partly eroded and 
which makes up the Rattlesnake hills. Both Yakima and Co- 
lumbia rivers flow in broad valleys with extensive flats along 
them. There are not many places where the bedrock appears 
at the surface, and such localities are generally along the 
streams where low cliffs occur. Practically the whole county is 
covered with a thick mantle of soil, which becomes more and 
more sandy in descending from the plateaus to the lowlands. 

The rainfall of the county is low, being everywhere less than 
ten inches per annum, unless this amount is exceeded upon some 
of the higher portions of the plateaus. Agriculture, except for 
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the raising of wheat upon the highest levels, is impossible with- 
out irrigation. Several systems of irrigation have been already 
installed, as at Hanford, Richland, Kennewick, Hover and other 
points along Columbia river. In the course of time a large por- 
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Fio. 6. Central part of Benton county. 
Scale, 1 inch equals 6 miles. 



tion of the county will be under irrigation and it will hence 
support a large population. Road building as yet has received 
but little attention, but the time is not far distant when a com- 
plex system of roads must be planned and constructed through- 
out the irrigated districts. The transportation problem for 
Benton county is a simple one because of the several lines of 
railway now built and projected, and because of the navigable 
waters of the Columbia which border the county upon three 
sides. 

The bed-rock of the county is made up of two kinds, viz., 
basalt, which is much the more common, and some beds of shales 
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and sandstones which form a portion of the EUensburg forma- 
tion. The basalt outcrops in the form of bold cliffs along the 
Columbia on the southeastern margin of the county, and also 
as lower cliffs along the Yakima below Prosser. The shales 
and sandstones above noted occur mostly in the northern part 
of the county where they are generally buried beneath a deep 
covering of soil. The road materials of the county are confined 
practically to the basalt and to the deposits of gravel which 
occur more or less abundantly along Columbia and Yakima 
rivers. In many instances the basalt is too light and porous 
to be of value when it is made into crushed rock. Care must 
be made in selecting a quarry site to find a locality whfete the 
basalt is dense and compact and as free as possible from steam 
holes. In some instances where beds of boulders occur along 
the streams it may be practicable to crush these for macadam 
purposes and in this way derive material which is inexpensive 
and at the same time desirable. 

BOAD MATEBIAIiS TESTED. 

Serial Number 4. 
Immediately south of the county road, and three-fourths of 
a mile east of Prosser, is a tract of three acres, owned by the 
county, on which occurs rounded waterwom pebbles and boulders 
of basalt of all sizes up to twenty-four inches in diameter. At 
this point the county authorities have installed a crusher, trac- 
tion engine and bunkers. About two feet of over-burden has 
been stripped away. The coarse gravel is dug out with scrapers, 
run through the crusher, and elevated to the screen where it 
is sized before it falls into the bunkers. The crushed rock is 
dense, fine-grained, gray black basalt. It is a hard rock with 
high resistance to wear, rather low toughness and good cement- 
ing value. For all ordinary uses it should make a very good 
road material. This rock is now being used on macadam con- 
struction on the highway running east from Prosser . 

Serial Number 5. 
At a point about three and one-half miles west of Kiona, be- 
tween the wagon road and the railway, several ledges of basalt 
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are exposed along the slope. There are occasional cliffs reach- 
ing a height of twenty-five feet. At the foot of each cliff there 
is much broken rock, but as a rule very little soil. Immediately 
north of pole number 467 of the Yakima Power Company there 
is a little cliff of basalt, about twenty-five feet high and several 
hundred feet long. The freshly broken rock has a gray-black 
color, is very fine-grained, very hard, and breaks with a 
conchoidal fracture and sharp splintery edges. The ledge ap- 
pears to have been a part of one lava flow, and is fairly uni- 
form, though the abundance of steam holes varies somewhat. 
A sample was taken from the north side of the base of the little 
cliff north of pole No. 467, above mentioned. This cliff is 
about 1,000 feet south of, and 200 feet above, the Northern 
Pacific track. Ledges of similar rock are exposed at intervals 
down the slope to the track. The sample when tested in the 
laboratory ran high in hardness, toughness, and resistance to 
wear. The rock has a good cementing value and should make 
a very good road material. 

There is much rock exposed along the railway between Gib- 
bon and S[iona, but very little between Prosser and Gibbon. 
The largest and best exposed of the accessible outcrops occur 
on the north side of Yakima river along the new line of the 
North Coast railway. On the south side of the river the 
largest cliffs and longest talus slopes are found along the break 
of the summit of the adjacent plateau, hundreds of feet above, 
and at some distance to the south of the Northern Pacific rail- 
way. 

A county road parallels the Northern Pacific railway the en- 
tire distance from Prosser to Kiona, which at no point is over 
one-half mile from the railway. For the major portion of the 
way it is above the railway, and along it there are some rather 
steep grades. All the rock exposed along the railway and 
county road is basalt, except at a locality one mile east of 
Prosser, on the south side of the highway, where there is a 
little quarry in another kind of rock. The rock is a soft, light- 
colored tuff (EUensburg formation), with a low specific grav- 
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ity, and occurring in horizontal beds. The basalt along the 
railway, and between it and the highway, is dark in color, 
rather hard, and varying much in the percentage of steam 
holes. Along portions of the way the basalt occurs in low 
cliffs, and is a weathered, rusty-looking, rough-surfaced, pitted 
rock. There is much broken rock on the surface of the slopes, 
with very little or no soil at all. Along Yakima river, and 
sometimes above the railway as well, there are benches of stream 
grovels, composed of waterwom basalt pebbles. 

CHEHALIS COUNTY. 

OENESAIi STATEMENT. 

This county has a long frontage on the Pacific ocean, and 
extends inland from 85 to 50 miles. The county is crossed from 
east to west by the wide valley of Chehalis river, which has its 
mouth in the broad tidal estuary known as Grays Harbor. 
South of the Chehalis the interstream divides constitute chains 
of low hills ; north of the river the country rises gradually until 
the higher Ol3rmpic mountains are reached along the northern 
margin of the county. Only the latter part of the county con- 
tains any considerable areas which are too rough and broken to 
be utilized agriculturally when the time comes to develop the 
land for such purposes. The bottom lands have an excellent 
soil and are capable of supporting a large population. 

The rainfall of the county ranges from 60 inches to over 
100 inches per year. As a result of the high precipitation and 
comparatively uniform temperature, the vegetation grows with 
great luxuriance. All the county is densely wooded, except for 
a few very small tracts where the soil is mainly coarse gravel. 
Lumbering has been for some years, and is now, the chief in- 
dustry of the county. In time the logged-off lands will be re- 
placed by farmSy and then a complete system of highways will 
be necessary. At present the chief roads connect only the 
larger towns along Chehalis river, and these with the ocean at 
Moclips. Where the precipitation is so great much care must 
be taken in grading and draining the roads in order to prevent 
an ahnost constant muddy condition. 
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The bed-rock of the county consists ahnost wholly of a series 
of shales and sandstones, with outcrops of basalt at rare in- 
tervals. The soil has been very largely made by the weathering 
of the above rocks, and hence is mainly a sandy clay, with a 
considerable amount of humus derived from decaying vegetal 
matter. Along the streams, especially the Chehalis, there are 
flats or terraces largely composed of gravel. For some miles 
inland from the ocean beds of gravel are abundant in the 
tralleys and along the hillsides. These are of marine origin and 
were deposited when the sea covered this portion of the county. 
The materials suitable for road building are to be had chiefly 
in the basalt ledges and from the gravel deposits. The basalt 
has so far been used only as a crushed rock for certain street 
work ; the gravel beds have been used on several of the highways. 
The main county road down the Chehalis valley from Oakville 
to Aberdeen and Hoquiam has recently been graveled. The 
road between Hoquiam and London has been covered part way 
by crushed rock and the remainder of the way by gravel. 
Gravel is now being placed on the highway from London to 
the beach at Copalis. The gravel deposits are mainly com- 
posed of waterwom sandstone or quartzite pebbles, which are 
generally reddish in color. The gravel seems to bind fairly 
well on the roads, probably due to the large amount of oxide 
of iron present. The highways surfaced with gravel are quite 
satisfactory where the traffic is not too heavy. 

ROAD MATEBIAI.S TESTED. 

Serial Number 6. 

Immediately north of Hoquiam is a smalt basalt quarry 
owned by the city. It is about one-fourth mile north of the 
intersection of Lincoln street and the Northern Pacific track. 
Lincoln street passes the eastern end of the quarry. The 
quarry is located on the side of a small knob, which is an 
outlier of a large ridge immediately to the west. The knob 
has a diameter of about 200 feet, and is about 70 feet high. It 
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consists of a mass of broken and in part weathered basalt, 
with practically no soil covering. The core of the knob or 
smaller hill is made up of basalt which is very much broken and 

is so soft that it has been 




Fio. 7. Location of basalt quarry, 
near Hoqulam. 



found useless for surfacing 
streets. The overlying ba- 
salt of the knob is very hard 
and compact, dark in color, 
and breaks with a shell-like 
fracture. It makes up about 
one-third of the entire mass 
and is now the only rock 
quarried and used. A sam- 
ple of this rock was collected 
and tested. It runs high in 
hardness, toughness, and re- 
sistance to wear. It has a 
good cementing value and as a road material is very good. 

At this quarry one of the contractors, Mr. C. Dalk, who is 
getting out the rock for the city, estimates that there are about 
40,000 cubic yards of the good rock left in the knob. A large 
amount of rock has already been quarried and crushed and 
used on some of the Hoquiam streets, chiefly on M, U, P, Maple, 
Olive, Buchanan, Spruce, Lincoln, Polk and other streets. The 
crusher is operated by electric power; the rock is screened to 
three sizes. 

Between the quarry just described and the larger hill on 
the west there is a wagon road. On the side of this hill facing 
the road there is a cliff of fractured basalt very similar to that 
which is taken out of the quarry noted above. The cliff has a 
maximum height of 100 feet and is about 750 feet. long, with 
little or no overburden except some residual rock fragm^its. 
It is estimated by contractors that there are at least 200,000 
cubic yards of basalt in this hill similar to that obtained in 
the quarry and identical in character to the sample which was 
tested. 
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Serial Number 7. 

This sample was taken at a point one mile west of Oakville, 
from a quarry formerly operated by the Northern Pacific rail- 
way. The railway company has a spur track to the face of 
the quarry and used the rock for riprap work. The rock is so 
broken that it is not very desirable for this purpose. The 
sample when tested proved to be a dense, fine-grained, dark gray 
basalt with average hardness, toughness and resistance to wear. 
It has an excellent cementing value and should be a first class 
road material. In the quarry the face of rock exposed is about 
SO feet high and 300 feet long. The ground back of the 
quarry is very gently sloping, so that the height of the rock 
face cannot be very well increased. 

CHELAN COUNTY. 

GENEBAIi STATEMENT. 

This county is in north-central Washington and extends from 
the low valley of the Columbia westward to the summit line of 
the Cascade mountains. A large part of the county is wild 
and mountainous and possessed of great scenic beauty. In 
time highways will undoubtedly be constructed into the moun- 
tain fastnesses for the scenery involved, but in the immediate 
future the roads will be limited to the lower valleys. 

In the mountains there is enough precipitation to produce a 
good forest growth wherever the slopes will retain sufficient soil. 
In the lowlands the rainfall will not support agriculture, and 
irrigation must be practiced. In the Wenatchee valley, along 
the Columbia, about the foot of Lake Chelan, and elsewhere, 
very important irrigated districts have been undergoing devel- 
opment for a number of years. The remarkable success at- 
tained in fruit growing has led to rapid settlement, and the 

population per square mile in the irrigated valleys will soon be 
very large. With a large country population there is now the 

necessity for systems of highways of the best type. In the 
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older irrigated valleys, where the ranches contain from 5 to 10 
acres, the highways are used so constantly that they must be 
kept in first class condition. 
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FiQ. 8. East central part of Chelan county. 
Scale, 1 inch equals 6 miles. 



The rock formations of Chelan county are mostly of the 
crystalline varieties, such as granite, gneiss, and schist. These 
rocks predominate throughout the northern and western por- 
tions of the county. Along the Wenatchee valley from Leaven- 
worth to Columbia river, and also for some miles both north 
and south of Leavenworth there are broad areas of sandstones 
and shales, generally tilted at high angles. These rocks are 
much softer than the granite and related crystallines and hence 
within them the valleys have been eroded wide and deep and the 
intervening divides worn down to low ridges. In the southern 
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end of the county a broad plateau of basalt occurs, which is 
conspicuous along Columbia river, below Malaga. In a gen- 
eral way the crystallines are older than the sandstones and 
shales, and the basalts are the youngest of them all. 

ROAD MATBBIALS TESTED. 

The basalt noted above is undoubtedly the best road material 

in the county but it is not easily accessible for transportation 

by rail or otherwise. The most convenient places to secure 

basalt are from the cliffs along the east bank of the Columbia in 

the vicinity of Rock Island. Excellent rock may be had at these 

places very conveniently located for transportation to Wen- 

atchee and other places in Chelan county where crushed rock 

may be desired. These localities are described under Douglas 

county. 

Serial Number 8. 

For some miles down the valley below Wenatchee very large 
boulders occur on both sides of the river. They are generally 
angular in shape and have been carried to their present posi- 
tions by a great glacier which once came down the Columbia as 
far as the mouth of Moses coulee. The boulders are generally 
strewn about promiscuously but are sometimes arranged in 
ridges or true moraines. In the south end of Wenatchee some 
of these boulders are from 16 to 20 feet in diameter. The 
boulders composed of schist break readily into slabs and are 
generally split up and used in making foundations for houses. 
Recently rock crushers have been installed and the broken stone 
used in macadamizing the principal streets of Wenatchee. The 
samples selected for testing were taken from the loads of 
crushed rock as they were being placed upon the streets. The 
results of the test showed that the rock has a low resistance to 
wear and only a fair cementing value. On city streets where 
the traffic is heavy such rock is too friable and too easily abraded 
to be serviceable and its use is not recommended. On such streets 
only the best kind of rock should be used for surfacing and it is 
a case where the best is the cheapest. 
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Serial Number 9. 

About two miles southwest of Wenatchee there are some 
weathered, craggy cliffs of rhyolite. The rhyolite is a dike of 
igneous rock that has come up through the sandstones and 
shales. It makes a rather conspicuous ridge along the south- 
western rim of the valley, where it projects above the neighbor- 
ing softer rocks. The rhyolite is grayish-white in color, and 
is composed essentially of large crystals of quartz, feldspar and 
mica in a compact groundmass. It spHts completely into plates 
from one-eighth to one-half inch in thickness, and locally is 
known as "shell-rock.** So much of the cliff has flaked off that 
in several cases there are "chimneys" of rock projecting out of 
a great mass of loose talus. From time to time the broken, 
fragmental rock has been hauled out on the adjacent highways 
for surfacing. The rock is soft and easily worn to powder and 
from the results of its use it is evidently not a satisfactory road 
material. The samples taken to be tested proved to be in 
pieces too small to determine in the laboratory the wear, hard- 
ness and toughness. The test showed that the rock has a good 
cementing value. 

Serial Numlser 10. 

About one and three-quarters miles northwest of Cashmere, 
along the railway track for several hundred feet there is a 
50-foot cliff of rock overlaid by from 10 to 26 feet of soil. The 
formations here are mostly massive sandstones and conglomer- 
ates, with a little shale. There are some very narrow bands and 
pockets of lignite in the different rocks. The sandstone is the 
hardest as well as most abundant rock, and a sample was taken 
away for testing. An analysis showed that it contained a 
large amount of feldspar as well as quartz grains. It has a 
low resistance to wear but a good cementing value. It is not 
recommended as a suitable material for macadam construction. 

Serial Number 11. 

This sample was taken from the foot of the first cliff, along 
the railway track, at the entrance to the box canyon immedi- 
ately west of Leavenworth, The rock is a granodiorite, coarse- 
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grained, and composed essentially of plagioclase, orthoclase, 
hornblende, biotite and quartz. The test showed that it is a 
hard rock with low toughness and resistance to wear, and is pos- 
sessed of fair cementing value. It is recommended as suitable 
only for the foundation course in straight macadam construc- 
tion. 

The granodiorite makes up the canyon walls for several miles 
north of Leavenworth, as far as Drury. Between Drury and 
the point where the railway crosses Wenatchee river there is a 
belt of metamorphic rock, much squeezed, folded, broken and 
weathered. The rock is principally schist, with occasional bands 
of serpentine. 

Between Chiwaukum and Merritt the valley of Nason creek 
is broad and bordered by rounded, forested slopes. The only 
rocks along the railway are a few small ledges of sandstone, con- 
glomerate and shale. From Merritt to Cascade tunnel very 
much rock is exposed in large cliffs bordering the railway. For 
the most part the rock is made up of alternating bands or belts 
of schist and gneiss. At the east portal of the tunnel the rock 
is a granodiorite similar to that described above as occurring 
near Leavenworth. 

CLALLAM COUNTY. 

GENERAL STATEMENT. 

Clallam is the extreme northwestern county of the state, and 
borders on both the Pacific ocean and the Straits of Juan de 
Fuca. The Olympic mountains cover all the county except the 
western end and a long narrow strip along the Straits. The 
rainfall is very large and virtually all parts of the county are 
heavily forested. Lumbering is the principal occupation and 
doubtless will continue to be so for many years. The road ma- 
terials were not studied with care, nor any rock samples taken, 
because of the little demand for this information at this time. 
The towns are small, the settlements are remote, and the popu- 
lation of the county not large for the area involved. 

The county and state road which is being constructed from 
Clallam to Forks and southward is well graded, and is surfaced 
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for the most part with gravel. Beds of gravel are convenient 
all along the way so that pits may be opened so frequently that 
the length of haul is short. Gravel of good quality for road 
building seems to be well distributed throughout the western por- 
tion of the county and it will be of great value in future road 
building in that section. 

CLARKE COUNTY. 

GENEBAIi STATEMENT. 

Clarke county has Columbia river for its southern and west- 
em boundaries, and Lewis river for its northern margin. Along 
the Columbia the country is low; toward the interior of the 
county it is gently rolling ; along the eastern margin one finds 
the higher foothills of the Cascades. The precipitation ranges 
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Fig. 9. Southwestern part of Clarke county. 
Scale, 1 inch equals 6 miles. 
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from 45 to 55 inches annually and this insures a heavy forest 
growth. Lumbering has been a very important industry but 
agriculture and horticulture have recently become important as 
well. In general the soil is excellent so that good farms are ob- 
tained wherever the forest growth is cleared away. 

The bed-rock over a large portion of the county is made up 
of flows of lava — generally basalt but sometimes andesite. In 
the lower, level country the bed-rock does not commonly out- 
crop, but is covered by a deep mantle of soil. Among the hills, 
and along some streams, ledges of rock are very common. Both 
the basalt and andesite will usually make good road material 
when crushed. In addition a certain amount of gravel may be 
had from the bars along the larger streams. As far as known 
there are no glacial deposits within the county to supply good 
material for road surfacing. 

Since the farming communities of the county are being rapidly 
extended a system of good highways must soon be constructed. 
It will be necessary to use crushed stone in surfacing the main 
liighways of travel. The localities where good rock deposits 
occur, convenient for transportation, are described below. In 
addition to these there are without doubt, many others, ofip the 
lines of railway, that could be utilized in the building of many 
of the highways. 

ROAD MATERIALS TESTED. 

Serial Number 12. 
This sample was taken from the large quarry one mile east of 
Fisher. At this point a quarry, or series of quarries, extends 
for about 800 yards along the hillside. The bluff, located a 
little way from the river bank, has a general height of about 
200 feet. The quarry faces are low, situated as they are near 
the crest of the bluff, so that the rock is removed and loaded 
into river barges by a gravity system. The rock occurs for the 
most part in large columns and is easily quarried. The amount 
of material available here is very great. Its principal use thus 
far has been in the building of riprap, jetties, and similar con- 
struction work. Large quantities of this rock have been used 
on the Fort Stevens jetty at the mouth of the Columbia. 



6S 



Btdteiin No. S, Washington Geological Survey 



The aampk what tested showed that the rock is a basalt, with 
a color more grayish than usual. The rock is dense and com- 
pact, and fairly hard. It is tough, has a high resistance to 
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Fig. 10. Basalt qaarry near Fisher. 

wear, and possesses fair cementing value. As far as the tests 

can determine the matter the rock should make a satisfactory 

road material. 

A rock similar to that at Fisher occurs a short distance east 

of Camas. At this point there is a cliff varying from 50 to 60 

feet in height, and extending along the river for nearly half a 

mile. 

Serial Number 13. 

This sample was taken from the face of a cUfF near the tunnel 
three miles south of Yacolt, along the railway. The rock is a 
fine-grained, dark greenish gray basalt. According to the test 
it has average hardness, rather high resistance to wear, and ex- 
cellent cementing value. All of these qualities combine to make 
this rock an excellent road material. Basalt occurs very com- 
monly along the south fork of Lewis river, in this part of the 
county. In general the rock is quite uniform in character — 
hard, dark in color, fine-grained and compact, somewhat brittle, 
and breaking with a shelly fracture. The sample was taken 
from a 60-foot cliff near the railway, where there was very 
little overburden, and where the rock was freely jointed and 
yet unweathered. 
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Northeast of Yacolt about three-fourths of a mile, near a 
logging road, there is a bold cliff of rock about 100 feet high, 
but considerably mantled by soil and vegetation. This rock is 
peculiar in that it occurs in sheets a few inches to a foot or 
more in thickness which part readily. Otherwise it resembles the 
rock noted above^ It has been used to some extent for founda- 
tion blocks in Yacolt, on account of its ready accessibility. 

COLUMBIA COUNTY. 

G£N£BAIi STATEMENT. 

Columbia county extends from Snake river southward to the 
Oregon line. The Snake flows in a canyon which has been cut 
into the plateau to a depth of over S,000 feet. The principal 
physical features of the northern part of the county are the 
high, rolling, sometimes precipitous hills along the divides be- 
tween the larger streams. The southern part of the county is 
contained within the Blue mountains, which abound in sliarp 
ridges and deep canyons. 

The rainfall of the county varies from 15 inches or less along 
the deeper valleys to SO inches or thereabouts on the higher 
windward slopes of the Blue mountains. Above the flats and 
benches of the Snake and other deep valleys irrigation must be 
carried on to insure ample returns; upon the rolling uplands 
the rainfall and soil conditions are very favorable for wheat 
growing; within the Blue mountains there is a marked forest 
growth except upon the slopes that are too steep to retain the 
soil. The population will always be sparse upon the uplands 
as long as wheat growing is the chief industry, because of the 
very large farms. Along the valleys where fruit ranches are 
being very gradually established there will be located the major 
portion of the population. Hence the principal road systems 
will be those lengthwise of the valleys, connecting the towns, 
villages, and fruit ranches. Plans are now under way to con- 
struct some permanent highways, such as the one from Dayton 
westward along the valley of Touchet river. 

As far as known no other rock occurs in the county except 
basalt. Outcrops of this rock abound as great cliffs along the 
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walls of the deeper valleys. Very high clifiPs of basalt may be 
seen along the south side of Snake river, both above and below 
Riparia. The sides of Touchet river valley, from Dayton to 




Fig. 11. Northern part of Colambla county. 
Scale, 1 inch equals 6 miles. 



Huntsville, are walled with basalt, very conveniently located 
for transportation. Outcrops of rock are very rare in the in- 
terstream areas, where a deep covering of soil has accumulated. 
Not all of the basalt is desirable for road building. Much of 
it is fOled with steam holes, and is therefore very slaggy and 
porous. The wearing quality of such rock is too low for it to 
be used in macadam work. It is always possible to find suffi- 
cient deposits of the better class of rock so that the inferior 
basalt need not be drawn upon. 



The Road Materials of Washington 65 

BOAD MATERIALS TESTED. 

Serial Number 14. 

Immediately south of the limits of Dayton, along Touchet 
river, there is a basalt cliif from 300 to 400 feet high, and 
over half a mile in length. The rock is basalt, made up of 
several flows, arranged in horizontal layers. The rock is very 
fresh and unweathered, and but a small thickness of soil caps 
the basalt hill. In some portions of the great rock mass there 
are too many small cavities to make the stone valuable as a 
road material. But at other points large quantities of rock 
occur that are very dense and compact and which may be 
utilized in macadam work. The cliff has such a height that a 
large crushing plant, using a complete gravity system, could 
readily be installed. The bunkers might be readily connected 
with the two lines of railway that come to Dayton, and would 
also be accessible for wagon haulage as well. From time to 
time small quarries have been in operation on the small benches 
on the face of the cliff, and the basalt blocks used about Dayton 
for foundations and otherwise. 

The sample for testing was taken from a small quarry on the 
top of a low bench, at the end of the cliff nearest Dayton. It 
represented the compact, dense, dark gray, fine-grained basalt 
occurring at that point. The test demonstrated that it is a 
hardy tough rock with high resistance to wear. It is so hard 
and tough that it has a rather low cementing value, but on 
the whole it may be ranked as a good road material. 

Lnmediately northeast of Starbuck there is a bold hill of 
basalt about 350 feet high. It is quite steep and barren of 
soil covering. It is only a few hundred feet from the railway 
tracks and hence very accessible for transportation By rail. 
In the face of the hill three distinct flows of lava are shown. 
The basal one is about 75 feet thick and is of poor quality; 
the intermediate one is of about the same thickness, but has 
only a small number of cavities within it; the upper layer is 
much thicker than either of the others but it occurs in small 
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distinct columns and is black, fine-grained, and non-porous. A 
sample of this rock was taken for testing but was lost in 
shipping to Seattle from Starbuck. From all appearances at 
the outcrop it would be safe to say that this would make a 
satisfactory road material. 



COWLITZ COUNTY. 

GENEBAIi STATEMENT. 

Very much of this county is included within the broad valleys 
of Columbia and Cowlitz rivers. The central and western por- 
tions of the county are made up of flat alluvial bottom lands,, 
bordered by low, irregular, rolling hills; the eastern portion is- 
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Pig. 12. Southwestern part of Cowlitz county. 
Scale, 1 inch equals 6 miles. 

quite rough and broken, since it extends well into the foothills, 
of the Cascade mountains. 
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The annual rainfall of the county is in excess of 60 inches 
per annum. As a result of this high precipitation and the 
heavy mantle of soil every portion of the county was originally 
heavily forested. In all the valley bottoms the forests are giv- 
ing way to farms. Roads have been under construction for 
some years and a good system of highways will soon be worked 
out. The main thoroughfares are those connecting the towns 
along Cowlitz and Columbia rivers. Because of the high rain- 
fall and flat character of much of the country the proper grad- 
ing and drainage of the highways are of primary importance. 

Both crushed rock and gravel have been used in surfacing 
the roads. The crushed rock has been taken from the frequent 
ledges which occur, and the gravel from the numerous bars 
and benches along the streams. Both south and north of 
Kalama for short distances the highway has been surfaced with 
rock. At CarroUton about 1,000 feet of the state aid road has 
been surf aced ^with crushed rock which will be used only until 
something better can be secured. The county road between 
Kelso and Stella has been treated from time to time with basalt 
and gravel from deposits along the way. A small portion of 
the road between Kelso and Ladu has been surfaced with basalt. 
About one-half mile of the highway from Castle Rock to Silver 
Lake has been macadamized. 

Within Cowlitz county there are two principal varieties of 
bed-rock, viz., basaltic lavas and some young sedimentary rocks, 
consisting of sandstones and shales. The sedimentary rocks 
underlie almost the entire county, but outcrops are not very 
frequent. At several places they are known to include work- 
able seams of coal, but as a source of road material they are 
of no value. The basalt occurs in rather frequent dikes or 
ledges and is very generally of a good character. It is so 
widespread that it will be of great service in future road build- 
ing in the county. 

ROAD MATERIALS TESTED. 

Serial Number 15. 
This sample was taken from an old quarry located about 
three-fourths of a mile south of the Northern Pacific railway 
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station at Kalama. The quarry was once operated by the rail- 
way, its owner, the rock being used in rip-rapping. The quarry 
was opened on the east side of the track in the side of a ridge 
50 or more feet in height, where the overburden was slight. 
The grade for a spur track, several hundred feet long, from 
quarry to main line, yet remains. The rock is a dark gray^ 
fine-grained basalt free from steam holes except at the highest 
point in the quarry. The sample was taken from one of the 
large quarried blocks and the test showed the rock to have 
average hardness and resistance to wear, with low toughness. 
It has good cementing value and should make a satisfactory 

road material. 

Serial Number 16. 

About one-half mile south of the courthouse at Kalama in 
SEl^ of Sec. 17, T. 6 N., H. 1 W., on the county road, there 
is a small quarry which is not now operating. In former years 
the rock has been crushed and used in surfacing the streets in 
Kalama, and also the highway running southeast from Kalama. 
In the quarry a face of rock 10 feet high and 100 feet long 
has been opened up. There is very little overburden. The 
rock is a gray black, fine-grained basalt, with a few small steam 
holes scattered through it. A sample was taken from the 
quarry face and the test proved the rock to have average hard- 
ness and resistance to wear, but with rather low toughness. 
The test proved it to have good cementing value and it should 
make a satisfactory road material. 

Serial Number 17. 

About two miles north of Kalama, immediately south of the 
intersection of the county road and Kalama river, there is a 
hill with a steep westerly slope, on which several rock ledges 
are exposed. This rock is also exposed along the highway, in 
ledges up to 25 feet in height. A sample was taken from a 
ledge along the wagon road, at a point not over 100 feet from 
the railway. In the outcrop the rock appears rather soft but 
with very few steam holes. When tested the rock proved to be 
a fine-grained, dark gray basalt with average hardness, tough- 
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ness and resistance to wear. It has high cementing value and 
id recommended as an excellent road material. 

Serial Number 18. 

About one and one-half miles northeast of Carrollton, on 
Owl creek, basalt is exposed on the county road in low cliffs 
and ledges. There is a logging road passing by the ledges 
which would make the rock available for transportation. To 
the west rock occurs on both sides of the creek, the largest ex- 
posure being in the gorge and on the north side of the creek, 
in cliffs up to 40 feet in height; but the rock on that side is 
very difficult of access. On the south side of the creek and road 
there is only about 8 feet in thickness exposed altogether. The 
overburden is light but the slope is so gentle that a high face 
of rock could not be secured if a quarry were opened here. A 
sflunple was taken at this locality on the south side of the creek 
and it proved upon testing to be a very dense, fine-grained, 
dark gray basalt, very hard, with average wearing value and 
low toughness. It possesses good cementing value and should 
make a satisfactory road material. 

Serial Number 19. 

This sample was taken at a point about one and one-half 
miles southeast of Kelso, in the SE% of Sec. 85, T. 8 N., 
R. 2 W. At this place the county road follows an abandoned 
railway grade where a cut was once made through a ridge of 
basalt. On both sides of the road the cliffs, ranging from 10 
to 80 feet in height, extend for 800 feet. The rock appears 
to be somewhat soft, and contains a few tiny steam holes. It 
is fine-grained in texture and dark greenish gray in color. The 
test showed it to have medium hardness, with average resistance 
to wear ; low toughness • and excellent cementing value. It is 
recommended in macadam work for light traffic only. 

Serial Number 20. 

Two miles north of Kelso is a hill the west end of which is 
known as "Rocky Point." It is 400 feet high, with its steepest 
side facing west. At present the Northern Pacific railway 
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follows the foot of the hill while the county road goes over the 
west side. A railway tunnel 900 feet long is being drivai through 
the hill, to get rid of the sharp curve around it. When the tunnel 
is completed it is expected that the county road will follow the 
present line of the railway, thus avoiding the steep grade over 
the hill. There is a face of rock 60 or more feet in height on 
the west side of the hill adjacent to the present track but the 
height of this face can be much increased if desired, as the 
slope is rather steep. The rock at this point is a soft, brittle 
basalt, rather compact, with very few steam holes, and very 
much weathered. The basalt which is being brought out of 
the tunnel, and which is from the center of the hill, is un- 
weathered and fresh. A sample of this was taken, and accord- 
ing to the test it may be regarded as a hard rock with low 
toughness and average resistance to wear. It has excellent 
cementing value and should be regarded as a first-class road 

material. 

Serial Number 21. 

At the south end of the town of Castle Rock there is a 
roughly triangular hill which in its maximum dimensions is 
about 100 feet high and 1,000 feet long. It is bordered on 
the southwest by Cowlitz river, on the opposite side by the rail- 
way tracks and on the north end by the town. The hill is 
flanked on the river side by beds of alluvium but the remainder 
of it is basalt, with not much soil on top. The rock is a heavy, 
compact black basalt free from steam holes. It is very uniform 
throughout in character. A sample was taken at the northwest 
end of the hill near the base. The test proved it to be a hard 
rock with low toughness and average resistance to wear. It 
has very good cementing properties and should make an ex- 
cellent road material. Rock has been taken from the hill by 
both the county and railway for rip-rap work. 

Along the Northern Pacific railway, between the crossing of 
Cowlitz and Toutle rivers, there are several rock cuts in 
basalt. The largest cut is about 400 feet long and from 10 
to 35 feet deep. The rock is dark, compact, and rather soft 
on the weathered surfaces. Immediately south of the Cowlitz 
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crossing, in the NEl^ of Sec. 16, T. 9 N., R. 2 W., the railway 

company has been operating a quarry where the rock has been 

used in rip-rapping. At the qtiarry a face of basalt has been 

developed having a length of 500 feet and a maximum height 

of 40 feet. There is from 1 to 8 feet of overburden. The 

rock is exposed in a natural cliff from 20 to 50 feet high a 

few hundred feet southeast of the railway quarry. The rock 

at the quarry, where a sample was taken, is a dark, fairly hard, 

compact basalt that breaks with a conchoidal fracture and 

sharp edges. The sample was lost in shipping and therefore 

was not tested. 

Serial Number 22. 

At Ladu there is a small hill 288 feet high and several hun- 
dred feet long, known as Mt. CofBn. It is an isolated hill, 
bordered on one side by Columbia river, and on the other sides 
by a flat lowland. The hill is a solid mass of basalt, either bare 
or with a very thin veneer of soil. A quarry has been opened 
on the river side, where a face has been exposed approximately 
400 feet long and 150 feet high. There is much columnar 
jointing, the columns occurring in fan-shaped sheaves. The 
rock breaks with a conchoidal fracture, and has a clinking 
sound. It is very uniform throughout and there is but little 
waste material. A sample was taken from some rock that had 
been freshly quarried. According to the laboratory test it is 
a dense, fine-grained, dark gray basalt, hard and tough, with 
a high resistance to wear. It shows a good cementing value 
and on the whole should make an excellent road material. 

This property is owned by the Star Sand Company of Port- 
land. They have installed two crushers which have a capacity 
of 400 tons of crushed rock per day, of one shift. The crushed 
rock is conveyed to a bin with a capacity of 1,200 tons, and 
dropped in chutes from the bin to scows below, which have a 
capacity of 600 tons each. The rock is sold by the company 
for use in surfacing streets and roads. 

Serial Number 23. 
About 2 miles north of Ladu there is a 400-foot hill known 
as Mt. Solo. A county road passes by the foot of the hill on 
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the south side, and along the roadway there are several ledger 
of basalt outcropping. At one point, in the WI4 ot Sec. 25, 
T. 8 N., R. 8 W., there is an outcrop over 100 feet long, with 
a 16-foot perpendicular face of rock above the talus slope. A 
sample was taken at this locality, which when tested in the 
laboratory proved that the rock was a hard basalt with hi^ 
resistance to wear. It has rather low toughness and fair 
cementing value and should make a satisfactory road material. 



Fis. 13. A — Baaalt quarries near Stella. B — Quarrj and cnuber near Ladu. 

Serial Number 24. 
About 1 mile east of Stella, on the north side of Coal Cre^ 
slou^, there is a small hill with a low basalt cliS exposed on 
the south side. A portion of the rock displays colunmar joint- 
ing. There are some steam holes, the amount varying from 
place to place. A sample was taken from the bottom ledge, 
just north of Snyder's shingle mill. According to the test the 
rock is a fine-grained, steel gray, very porous basalt. It is 
hard, possesses average toughness, with high resistance to wear. 
Although it has low cementing value it should make a satis- 
factory road material. The property belongs to M. Gorman 
of Stella. Shipments of rock may he made by way of the 
slough, which is deep and navigable. 

Serial Number 25. 

Stella is situated at the foot of a bluff over S60 feet high, 
facing the river. The face of the bluff is very steep, with sev- 
eral basalt clifi^s and much broken rock. The rock is not uni- 
form in character and much of it appears to be poor in qual- 
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ity. There are three phases of the basalt, which grade into 
each other to some extent, as follows: (1) a soft, spongy- 
looking, very porous rock; (2) some soft rock with myriads of 
tiny steam holes; (3) a fairly hard, compact rock, containing 
a few tiny steam holes. A sample of (8) was secured on the 
face of the hill about 200 feet above SteUa. When tested it 
proved to have average hardness, toughness, high resistance to 
wear, and fair cementing value. If the rock is carefully selected 
in quarrying it should make a satisfactory road material. 

Serial Number 26. 

Bordering the river between Stella and Oak Point there are 
almost continuous basalt cliffs from 50 to 160 feet in height, 
consisting of several different flows. In one cliff 6 distinct 
flows can readily be distinguished, and in most of them columnar 
jointing appears. In the upper portion of each lava-flow steam 
holes are very abundant and the rock too porous to be service- 
able. About one-half mile west of Stella is an old quarry once 
operated by the Cascades Contract Company. The quarry was 
abandoned on account of the poor quality of the rock. About 
a mile west of this locality, about half-way between Stella and 
Oak Point, a new quarry has been opened by the same com- 
pany. At this place there is a perpendicular rock face of 110 
feet rising from the river bank, capped by a terrace, and back 
of this a second perpendicular face of 50 feet, giving a total 
drop of 160 feet. A quarry 600 feet long from east to west 
has been opened on the face of the upper cliff, upon the terrace. 
The rock from the quarry is a fresh looking, heavy, fine- 
grained, dark steel gray basalt. It breaks with a perfect 
conchoidal fracture and sharp edges. It possesses columnar 
jointing and is free from steam holes. The rock has been used 
for jetty work at the mouth of the river, and much of it is 
made into paving blocks which are scowed to Portland, the chief 
market. A sample was taken from the material used for paving 
blocks. The laboratory test proved it to be a hard, tough rock 
with low cementing value. It should make a satisfactory road 
material, especially for roads with a heavy traflic. 
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DOUGLAS COUNTY. 

6£N£SAI« STATEMENT. 

This county lies within the great bend of Columbia river, in 
the central part of the state. Its surface is that of a plateau, 
bordered on the northern and western sides by the great gorge 
of the Columbia, and on the eastern side by Grand coulee. 
Moses coulee is a deep trench which extends from Columbia 
river over half-way across the county, running approximately 
parallel with Grand coulee. The broad plateau of the county 
has an average elevation of about 3,000 feet above sea level in 
the northern portion, and descending to about 1,£00 feet along 
the southern margin of the county. Badger mountain runs from 
east to west across the southern portion of the county. It is 
an upwarp of the plateau, with broad slopes, and has a maxi- 
mum elevation of a little more than 4,000 feet. 
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Fig. 14. Southern end of Douglas county. 
Scale, 1 inch equals 6 miles. 
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Douglas county has basalt for its bed-rock everywhere ex- • 
cept for a small area of sandstones and shales along the south- 
em margin opposite Wenatchee, and for a narrow fringe of 
granite and related rocks which lie at the base of the canyon 
walls along the Columbia, principally from the vicinity of 
Orondo northward. The only material suitable for road build- 
ing is basalt, but on the uplands this is covered by a heavy 
mantle of soil. Along the deeper ravines and coulee walls the 
basalt, often in palisades or cliffs of columnar rock, appears 
in enormous quantities. The greater portion of it is very por- 
ous and in some instances as full of steam holes as pumice. In 
securing material suitable for surfacing care must be taken to 
select those parts of the lava beds where the rock is most com- 
pact and fine-grained, and free from steam holes. 

This county has a rainfall varying from 8 to 15 inches. The 
vegetation shows the influence of the range in rainfall, since a 
sparse forest growth covers the higher Badger mountains, 
bunch grass is the ruling plant upon the plateaus, and sage 
brush the principal plant along the bottoms of the deep valleys. 
While wheat is grown in all of the arable country of the plateau, 
fruit raising by means of irrigation is coming to be the chief 
industry of the valleys. Along the benches of the Columbia 
and throughout Moses coulee many people are making their 
homes and in these localities systems of highways will soon be 
a necessity. Whenever macadam roads are constructed a suf- 
ficient supply of good material will be easily available. 

ROAD MATERIALS. 

Serial Number 27. 
Along Columbia river in the vicinity of Rock Island station 
(Hammond P. O.) and below there occur probably the largest 
and most spectacular basalt cliffs to be found in the state. For 
miles along the way huge beetling cliffs of columnar rock, hun- 
dreds of feet high, tower above the railway track which margins 
the river. Similar cliffs of basalt occur on the opposite side 
of the Columbia, and make up the perpendicular walls of Moses 
coulee as well. For several miles west, and then north, of Trini- 
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dad, great deposits of gravel and sand occur adjacent to the 
railway, forming huge benches. But from a mile north of Co- 
lumbia River station to Rock Island, where the river is crossed, 
the track skirts the foot of the great basalt cliffs. A sample 
was taken from the broken rock at the foot of the tall cliffs 
near the railway track, about one and one-half milesi north of 
Columbia River station, a very little way beyond the north 
portal of tunnel No. 12. Columnar jointing is splendidly ex- 
hibited in the cliff above, which rises for hundreds of feet. 
Steam holes vary in the rock from place to place, and the sample 
was taken where they appeared to be fewest in number. When 
tested in the laboratory the rock was demonstrated to be a 
dense, fine-grained, gray black basalt, very hard. It has fair 
cementing value, and should make a satisfactory road material. 
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Fio. 15. A — Basalt ledges near Vulcan. B — Cliffs near Columbia river station. 



Serial Number 28. 
This sample was taken from the broken rock at the foot of a 
tall cliff on the D. K. Smith ranch, nearly a mile northeast of 
Vulcan, about 8% miles from Columbia River station. The 
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foot of the cliff is half a mile east of the railway, and about 
£00 feet above it. Gravel benches parallel the railway between 
it and the cUff. The latter has an almost perpendicular face 
several hundred feet high, and appears to consist of six differ- 
ent flows. In the bases of two of the flows rounded pebbles 
are enclosed. The cliff displays columnar jointing on a large 
scale, the columns occupying almost all positions from per- 
pendicular to horizontal, and occurring in some instances in 
fan-shaped sheaves. When tested the rock was found to be a 
fine-grained, gray black basalt, hard and tough.- It has a 
high resistance to wear and fair cementing value. It breaks 
with a shell-like fracture, is rather free from steam holes, and 
should make a satisfactory road material. The same conclu- 
sions may be drawn regarding all the rock along the cliff for 
a mile north of this point. 

FERRY COUNTY. 

6£N£EAL STATEMENT. 

This is in general a mountainous county, the principal ex- 
ceptions being the broad valleys of Columbia, Kettle and San 
Foil rivers and Curlew creek. The mountains as a rule have 
rounded forms and gentle slopes. The soil is rather deep and 
rock cliffs comparatively infrequent. A great variety of rocks 
occurs, among them being andesite, granite, basalt, sandstone, 
limestone, schist and slate. Rocks suitable for road materials 
are widespread and no long hauls will be necessary in construct- 
ing macadam roads. Besides the bed-rock there is much gravel 
accessible for road use. All the larger valleys are bordered by 
extensive terraces of sand and gravel of glacial origin. 

The annual rainfall of the county varies from 10 to 20 
inches. A forest covers practically all of the county except 
the more arid lowlands of the deeper valleys. The trees do not 
grow close together, and there is a general absence of shrubbery 
as an undergrowth. Grasses and flowers grow among the 
trees so that the whole country takes on a distinctly park-like 
appearance. The economic development so far has not led to 
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the establishment of thickly settled communities, so that there 
has been little necessity for the best type of highways. The 
towns and agricultural districts are confined to the larger 
valleys, and the few roads of the present time run mainly within 
and parallel to the valleys. 



BOAD MATEEIALS TESTED. 

Serial Number 29. 

Beginning at a point a mile north of Republic is the south 
end of a very irregular area of basalt, covering in all approxi- 
mately two square miles. The rock is best exposed not far 
from the southeast corner of the basalt area, in the NW% of 
Sec. 36, T. S7 N., R. 32 E., and about one and one-half miles 
north of Republic. At this 
point there is a cliflF several 
hundred feet long with a 
perpendicular face from 80 
to 100 feet or more in 
height, and a slope of 
broken stone at the base. A 
wagon road skirts the cliff, 
connecting with the main 
highway to Republic. The 
rock possesses columnar 
jointing to an unusual de- 
gree, and is further cut by 
smaU irregular fractures 
along which it splits read- 
ily. There is much iron 
stain in the larger fractures 

and on the weathered faces but alteration has not penetrated 
very far into the rock itself. Very little overburden occurs on 
the top of the outcrop. 

A sample was taken from the broken rock near the north 
end of the cliff. The fresh rock is black, heavy, compact, brittle, 
and very hard. It breaks with a sub-conchoidal fracture, leav- 
ing sharp splintery edges, and appears to be entirely free from 




Fig. 16. Basalt outcrop near Bepablic. 



80 BuUetm No. 2, Washington Geological Survey 



steam holes. The test showed that the rock has low resistance 
to wear and low cementing power. It is best suited for roads 
subjected to light traffic. 

There is another basalt area covering only a few acres in 
the eastern part of Republic; besides which a few small basalt 
dikes occur round about the town. 

Serial Number 30. 

Five miles west of Republic, on the west fork of Granite 
creek, there is a small limestone area projecting through the 
mantle rock. The limestone occurs as cliffs on the south side 
of the ravine, having a vertical section all told of about \%6 
feet. Henry Bird, of Republic, the owner of the land, operates 
a smaU quarry and lime-kihi near the county road which runs 
to Republic. The rock is a dense, compact, finely crystalline 
limestone with a color prevailingly grayish blue, though some- 
times white, and occasionally mottled blue and white. It occurs 
in a massive form and all bedding planes have disappeared. 
The sample taken from the quarry when tested proved to have 
average hardness with very low resistance to wear and very low 
toughness. While it has fair cementing value it is too soft for 
the construction of any roads, except those having very light 
traffic. 

Serial Number 31. 

On the east side of Curlew lake, across from Pollard, there 
is a limestone area of one-half square mile or more. The ledges 
form occasional step-like outcrops on the hillside, beginning at 
a point about 300 feet above the lake. The highest exposure 
of the limestone is at least 800 feet above the lowest. The 
soil covering appears to be thin. The rock is an impure lime- 
stone of a dark grayish blue color. A sample was taken from 
a ledge in the NEi^ of Sec. 9, T. 87 N., R. 88 E. When 
tested in the laboratory it was found to have average hardness, 
low resistance to wear and low toughness, and good cementing 
value. It is suitable only for roads having light traffic. 
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Serial Number 32. 

Immediately around Curlew the rock is an altered andesite. 
The rock has usually a compact groundmass, varying in color 
through bluish gray and dark gray to a lilac color. Within 
the groundmass are crystals of feldspar and black mica, giving 
the rock a mottled appearance. The ledges of rock are cut by 
numerous joints and fractures. There are some small railway 
cuts in the andesite within the town of Curlew. A sample was 
taken from one of these cuts about 200 feet south of the Great 
Northern railway station. The laboratory test proved the 
rock to be rather hard, with average toughness and resistance 
to wear. It has excellent cementing value and should make a 
very desirable road material. 

Serial Number 33. 

Four miles west of Curlew the highway has been blasted 
through rock for about £00 feet, giving a sheer face of at 
least 25 feet. The rock is fine-grained, with a slightly schistose 
character. A sample was collected and tested with the following 
results: The rock is a dark gray diorite of average hardness 
and resistance to wear, low toughness and good cementing 
value. It should make a satisfactory road material. 

Serial Number 34. 

About 7 miles west of Curlew, on the northeast side of Kettle 
valley, there is a long granite cliff with a steep face at least 
250 feet high. The base of the cliff is only 200 feet froip the 
wagon road. It is about 1,000 feet from the railway, with 
Kettle river between. A sample was taken from the broken 
rock at the foot of the cliff. According to the test it is a 
granite rock, made up chiefly of quartz, feldspar and mica. It 
is a hard rock, with average resistance to wear, low toughness, 
and fair cementing value. It is not recommended as a road 
material. 

For some miles along the Kettle valley, in the vicinity of the 
last mentioned locality, there are almost continuous exposures 
of granite, with occasional belts of schist. Cliffs are very com- 



8S Bulletin No. £, Washington Geological Survey 

mon with faces varying from 20 to 500 feet in height. In 
general the granite is light in color, except when it is made dark 
by excess of black mica. Frequent pegmatite veins cut the 
granite, varying from one inch to one foot in thickness, con- 
sisting mainly of pink orthoclase feldspar. 

Between Curlew and Danville rock outcrops occur very fre- 
quently along the two lines of railway. Northeast of Curlew, 
on the left bank of the river, both andesite and granite are 
found, until just beyond Rincon creek where ledges of limestone 
crop out on the hillside. There is also a small railway cut in 
the limestone. A sample was taken here which upon testing 
proved to have but little merit as road material. 

Along the Great Northern railway for the first one and one- 
half miles after leaving Curlew the rock is andesite. From 
Deer creek to Lime creek, about one mile, there are small cuts 
in granite. From the latter stream to SkifBngton creek, lime- 
stone is the country rock with abundant intrusions of granite. 
The granite is so abundant that the limestone appears in belts 
separated by the former. There is a large area of limestone 
on Drummer mountain the outcrops of which can be seen from 
some distance away. From Hurlburt to the International boun- 
dary there are cuts and small exposed ledges of schists and 
slates, with frequent intrusions of granite and porphyry. At 
a point about one and one-half miles southwest of Danville there 
is a great deal of serpentine in the rock cut. A sample was 
collected here and tested. While the rock has a high cement- 
ing value, it is not recommended as a satisfactory road material. 

Serial Number 35. 

This sample was taken from a cut on the Great Northern 
railway one mile south of Danville. At this point there is a 
10-foot cut in a fine-grained greenish rock which is also ex- 
posed on the hillside above. A sample was collected from the 
south side of the cut. The laboratory examination proved it 
to be an altered andesite. It is a hard, fairly tough rock, with 
rather high resistance to wear, and good cementing value. It 
should make a satisfactory road material. 
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Serial Number 36. 

About three-fourths of a mile south of Laurier, west of the 
railway, there is a steep bluff at least 1,000 feet high and af- 
fording an enormous amount of rock. It is fronted by a cliff 
with an almost perpendicular face, with its base from SOO to 
600 feet from the railway track. The rock has in general a 
granitoid texture, except where the black mica occurs in excess, 
which gives the rock a schistose appearance. Pegmatite veins 
are common, made up mostly of coarse orthoclase crystals of 
feldspar. A sample was taken from a locality where the rock 
was a typical granite. When tested it proved to be a hard 
rock with low toughness and resistance to wear. It has low 
cementing value and is valueless as a road material. 

For some miles southward from the above locality there is 
an almost continuous line of granite cliffs on the west side of 
the railway. The cliffs vary from 400 to 1,000 feet in height, 
with bases from 200 feet to one-half mile from the track. 
There are numerous railway cuts from 4 to 30 feet in depth* 
Sometimes the rock takes on a schistose or gneissic appearance, 
and varies from very light to very dark in color, depending 
upon the mineral constituents. 

Serial Number 37. 

Near Barstow where the steel wagon bridge crosses Kettle 
river the valley is about one-half mile wide. On the east side 
of the river is a hill at least 700 feet high with a steep westerly 
slope, on which several limestone ledges occur. On the west 
side of the valley is a bluff about 400 feet high, with a per* 
pendicular rock face 150 feet or more in height. A steep slope 
of broken rock extends from the cliff almost to the railway 
track. The rock varies from a compact blue gray limestone to 
a light-colored marble. A test was made in the laboratory of 
the marble selected at this locality. The rock has average 
hardness, very low toughness, low resistance to wear and fair 
cementing value. If used as a road material it should be only 
wpon roads having a light traffic. 
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Serial Number 38. 
From Republic southward along the San Poil valley the 
country rock for the first 10 or 12 miles is andesite. Between 
the tenth and eleventh mile posts there is an almost continuous 
cliff of this rock from 300 feet to 500 feet high, with a great 
talus slope between the cliff and the highway. At a point 
10% miles south of Republic, or 3 miles north of Alkire, the 
andesite cUff reaches a height of 500 feet, with much of the 
rock in prominent columns. A sample was taken from the great 
broken blocks at the foot of the cliff. According to the test 
the rock is a hornblende andesite, with crystals of augite, 
plagioclase and hornblende in a dark groundmass. It has low 
resistance to wear and good cementing value. On roads sub- 
ject to light traffic the rock should make a satisfactory material 

for surfacing. 

Serial Number 39. 

« 

About 14 miles south of Alkire a spur of the mountain, known 
as the "Devil's Elbow," projects into the valley. The highway 
crosses this spur for a portion of the way through rock cuts. 
A short distance east of the road there is a granite cliff sev- 
eral hundred feet high, with frequent outcrops between it and 
the road. A sample of unweathered rock was taken from one 
of the cuts along the highway. The test disclosed it to be a 
granodiorite, coarse grained, Ught gray, with a faint pinkish 
color. It is a hard rock with rather low toughness, average 
resistance to wear, and fine cementing value. It is suitable only 
for the foundation course in plain macadam construction. 

Serial Number 40. 

At a point 8% miles north of Keller, and 41% miles south 
of Republic, the roadway has been cut through some ledges of 
dark gray rock. Immediately east of the road is a cliff, and 
beyond a series of cliffs, which give a vertical section of at 
least 250 feet of the same kind of rock. A sample, taken from 
a ledge by the roadside, was found upon testing in the labora- 
tory to be an altered hornblende andesite. It is a hard rock 
with low toughness, average resistance to wear, and excellent 
cementing value. It should make a good road material. 
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FRANKLIN COUNTY. 

GENEBAIi STATEMENT. 

This county is roughly triangular in outline, two sides of 
it being formed by Columbia and Snake rivers. The whole 
county slopes gently from the north and east toward the two 
rivers. At the confluence of the Columbia and the Snake the 
banks of both streams are very low and composed of alluvial 
deposits. Along the northwestern margin of the county the 
Columbia is bordered by cliffs, known as the "White Bluffs/* 
which rise above the water level to heights of 800 to 400 feet. 




Somple 
+ co+cd 



Pig. 17. Southeastern part of Franklin county. 
Scale, 1 inch equals 6 miles. 
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Toward the eastern margin of the county the Snake becomes 
entrenched in the great lava plateaus, and is bordered by cliffs 
several hundred feet in height. 

A thick deposit of soil and mantle rock covers most of the 
county. The chief exceptions are the floors and bordering walls 
of some of the coulees, and the cliffs along the rivers. In the 
western part of the county, underneath the soil, there are layers 
of shales and sandstones which have originated in large lakes. 
Some of these sediments show that they were ashes, cinders and 
similar light materials at one time ejected from volcanoes. The 
bed-rock of the eastern part of the county, as seen along Snake 
river and its small tributaries, is all basalt. The basalt occurs 
in great broad sheets, representing individual lava flows. The 
central part of each lava sheet, as seen in a vertical section, is 
usually dense, compact, and sufficiently free from steam holes 
to make good road material. The rock toward the lower and 
upper surfaces of each lava sheet is usually so full of steam 
holes that it is very porous and sometimes even resembles 
ptunice. When in this condition the basalt is of no value in 
road construction. In some of the coulees, and along the banks 
of the rivers, there are beds of gravel which might be used in 
surfacing the roads where the travel is light. 

The rainfall of Franklin county is so low that agriculture is 
rarely profitable without irrigation. Plans to irrigate certain 
sections of the county are now under way and this will largely 
increase the population. The public highways are but little 
traveled at the present time and the demand for macadam roads 
has not yet been felt. The dirt roads are very dusty in summer 
but do not become very muddy in winter because of the large 
percentage of sand in the soil. 

BOAD MATE&IALS TESTED. 

Serial Number 41. 
This sample was taken from the basalt cliff about three- 
fourths of a mile east of the Spokane, Portland and Seattle 
railway at Kahlotus. At this point the railway passes between 
the foot of the cliff and the south shore of Lake Washtucna. 
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The clifF is made of two flows of compact black basalt, separated 
by a few feet of very porous and worthless rock. Vertical 
columns of the lava are very distinct and prominent, some of 
them being as much as four feet in diameter. There is a good 
opportunity here for a rock crusher, ample room being af- 
forded for buildings, side tracks, etc., between the cliff and the 
railway track. The sample when tested in the laboratory 
proved itself to be a fine-grained, gray-black basalt. It is a 
hard rock with average toughness, high resistance to wear, and 
low cementing value. Taking all the properties of the rock 
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Fio. 18. Basalt cliff near Kahlotus. 

into consideration it should make a satisfactory road material. 
Immediately after leaving Kahlotus the Spokane, Portland 
and Seattle railway passes by tunnel through a high basalt hill 
and emerges at the head of Devil's canyon. The railway fol- 
lows the west wall of the canyon down to Snake river. Along 
the way perpendicular cliffs 300 feet in height rise above the 
track. On the east side of the canyon is the odd Devil's Monu- 
ment, a bare pile of rock which rises possibly 400 feet above 
the canyon floor. Both canyon walls are composed of an ex- 
cellent grade of columnar basalt. It would be a difficult thing 
to quarry the rock owing to the precipitous nature of the high 
cliffs and the lack of room at the base. The best cliffs are 
about 3% miles south of Kahlotus. 
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From Kahlotus westward along the track of the Oregon and 
Washington Railway and Navigation Company cliffs of basalt 
occasionally occur along the coulee walls. The better basalt is 
found in columnar form, usually making up the topmost part 
of a cliff, and bordered by a slope of broken rock. Along the 
south and southeast sides of Sulphur Lake there is such a cliff 
from 80 to 100 feet in height. The rock is very hard and com- 
pact, with a slight overburden of soil and broken rock. 

GARFIELD COUNTY. 

GENEBAIi STATEMENT. 

Garfield county is a broad plateau, into which the canyons 
of Snake river, Pataha river, Deadman creek, and those of the 
Blue mountains have been incised. The southern end of the 
county, embraced within the Blue mountains, has been so cut 
up by the erosive work of streams that it abounds in strong 
contrasts between the deep sinuous valleys and sharp serrate 
mountain ridges. In the northern portion of the county the 
uplands comprise a rolling plateau, almost every portion of 
which is tillable. 

The natural rainfall of the county is sufficient in the higher 
southern portion of the county to support a forest growth, 
about all of which is contained within the Wenaha Forest Re- 
serve. Throughout the northern portion of the county the 
bunch grass once grew, but this has almost wholly given way 
to wheat fields. Agriculture, chiefly in the form of wheat grow- 
ing, is the greatest industry of the county. On the benches 
along Snake river, where irrigation is practiced, much early 
fruit is raised. The towns are practically all located within the 
valleys; the population of the uplands is sparse because of the 
fact that the farms are large. But little attention has yet been 
paid to permanent highways, but for street work and the main 
thoroughfares some knowledge of the whereabouts of proper 
surfacing material will soon be imperative. 

Over the whole of Garfield county basalt was once the pre- 
vailing rock. It accumulated through a long time by the piling 



The Road Materials of Wa^hmgton 



89 



up of lava sheets one upon another. In any great canyon wall, 
as along the Snake, several of these flows may be seen as they 
lie there in a flat position. In some of the deeper canyons. 




Fig. 19. Northern part of Garfield county. 
Scale, 1 inch equals 6 miles. 

especially in localities where the overlying basalt was originally 
thinner than elsewhere, the underlying rock has been encoun- 
tered. This old floor, as far as it has been discovered in this 
county, is granite. Granite is known to occur along the Snake 
at one or more localities and in the valley of Deadman creek. 

The most accessible road material in the county, and the 
locality where it will be earliest needed, is along the Fataha 
valley from Chard to Fataha City. In the main the rock which 
makes up the walls of this valley is a very porous basalt, weath- 
ered to a brownish color. Fractically everywhere the cliffs are 
low, the rock very brittle, and good road material rather rare. 
The best rock in the valley is between Fomeroy and Fataha 
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City. No samples were taken for testing because of its poor 
quality. Some of the rock might be used for roads having a 
light traffic, but no rock of the very best quality was found. 

GRANT COUNTY. 

GENEBAIi STATEMENT. 

Grant county lies near the center of the great interior lava 
plateau of the state. It is a large county, having extreme di- 
mensions of over 90 miles long by 50 miles wide. The northern 
panhandle of the county is a pronounced plateau, bordered on 
the western margin by Grand coulee. The southern rectangular 
portion of the county is a lower plateau, margined on the west 
by the canyon of the Columbia. On the extrane southern end 
of the county, running from west to east, are the prominent 
Saddle mountains. Frenchman hill is a low, broad ridge ex- 
tending eastward from Columbia river to the valley of Lower 
Crab creek. 

The annual rainfall of the county varies from 6 inches in the 
lowlands to 12 inches on the plateaus. Over the plateaus wheat 
may be grown but in the lowlands agriculture is not feasible 
without irrigation. At several localities irrigation projects 
are being developed and in time fruit raising and the growing of 
hay will doubtless be the chief industries. At the present time 
there is little demand for the best class of roads. Permanent 
highways will not come until the population of the county is 
much increased. 

Very nearly all of the county has basalt as the bedrock. It 
outcrops as great cliffs along the walls of Grand coulee, at some 
places along Crab creek, and along the northern face of Saddle 
mountain. Some of the cuts along the Chicago, Milwaukee and 
Fuget Sound Railway are in beds of sandstone and shale. Such 
deposits represent the sediments once laid down in an ancient 
lake which at one time occupied this locality. Satisfactory road 
materials may be sought in the better outcrops of basalt, and in 
the beds of gravel which border some of the stream courses. 
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BAST CBNTBAL PABT OF GRANT COUNTY. 
Scale, 1 inch equals 6 miles. 
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BOAD MATERIALS TESTED. 

Serial Number 42. 

Coulee City is situated on the east brink of Grand coulee. 
From the town one can look up and down the coulee for many 
miles in both directions. The bottom of the coulee is several 
hundred feet below the town, and both of the coulee walls, as 
far distant as the eye can see, are made of huge basalt cliffs. 
The walls seem to be made of several distinct lava flows; the 
upper ones have weathered away or receded farther than the 
lower, leaving the cliffs terraced to a certain degree. 

One and one-fourth miles northwest of Coulee City, and 100 
feet south of the wagon road, is the north end of a bare basalt 
ridge which is several hundred feet long. At the point men- 
tioned there is a little cliff about S5 feet high. The base of 
the cliff is about on a level with the town. The rock is fine 
grained and quite compact, the steam holes being very few and 
very small. It breaks with a shell-like fracture and sharp 
edges. When tested in the laboratory it proved to be a hard 
tough rock with high resistance to wear and low cementing 
value. It should make a satisfactory road material. 

Serial Number 43. 

Less than a mile south of Coulee City is the north wall of a 
small coulee which is a tributary of the larger Grand coulee. 
The floor of the tributary is about 200 feet lower than the level 
of the town. The small coulee exhibits a beautiful line of cliffs 
or palisades, with columnar jointing and long talus slopes. 
There are several distinct flows of lava, with abundant steam 
holes near the surface of each flow, and more compact rock 
below. A sample was collected from the upper ledge, 6 feet 
below the surface, on the north side of the coulee, about one- 
third mile south of the railway track. The test proved the rock 
to be a fme grained, gray-black, vitreous basalt. It is a hard, 
tough rock with high resistance to wear. It has good cementing 
value and in all respects is a first class road material. 

In addition to the ledges above mentioned there are many 
more in the vicinity of Coulee City. In most of those examined 
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steam holes are rather abundant. Along the railroad from 
Coulee Junction southward there are many cuts in basalt, vary- 
ing in depth from 5 to 50 feet. Where the contact between two 
lava flows is exposed the top portion of the flow is seen to be 
usually full of steam holes while the base of the flow is denser 
rock. The texture of the rock varies from granular to com- 
pact. The toughness also varies, some of the rock being brittle 
and breaking with a shell-like fracture, while some of it is tough 
and hard to break. About one-half way between Coulee Junc- 
tion and Bacon there is a cut 40 feet deep where the rock is com- 
pact and hard and breaks with a conchoidal fracture. 

Serial Number 44. 

This sample was taken at Bacon from a railway cut which 
is about 10 feet deep and 100 feet long. The laboratory ex- 
amination demonstrated that the rock is fine grained, gray 
black, porous basalt. It is a hard rock, with average toughnes3, 
rather high resistance to wear and excellent cementing value. It 
should make excellent road material. 

Serial Number 45. 

At the junction of the Northern Pacific and Great Northern 
railways, 1 mile east of Adrian, and 50 feet south of the Great 
Northern track there is a basalt cliff from 25 to 60 feet long 
which parallels the track for 1,000 feet. Columnar jointing is 
conspicuous, and some of the individual columns are 3 feet in 
diameter and 30 feet high. The base of the cliff is above the 
level of the track. The texture of the rock varies from granular 
to compact. In the rock there are occasional small steam holes, 
some of them filled with spheres of a soft waxy looking mineral. 
There is but little soil upon the top of , the cliff. A sample was 
taken from the broken rock at the foot of the cliff. A laboratory 
test proved that it was a porous, brownish gray, porphyritic 
rock. It is hard, possesses average toughqess, rather high re- 
sistance to wear and fair cementing value. It should make n 
satisfactory road material. 
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Serial Number 46. 

Between Ephrata and Winchester, about 8^ miles south- 
west of the former place, along the railway, there are some 
basalt ledges. About 500 feet south of the track the cliffs ap- 
proximate ftO feet in height. Two ledges are exposed north of 
the track, a smaller one near at hand and a larger one about 500 
feet away. The outcrops are several hundred feet long. The 
rock is weathered at the surface, but within it is fine grained to 
compact, hard and brittle, with few steam holes. A sample wets 
taken from a ledge north of the railway. It proved to be a 
doise, very fine grained, gray black basalt, with high resistance 
to wear and good cementing value. It should make a very good 
road material. 

Serial Number 47. 

Beginning at a point one mile east of Crater, and extending 
for several miles west, large amounts of basalt are exposed along 
the railway. The rock varies much in character, the chief 
difference being in the relative abundance of steam holes. Every 
variety may be found from pumice to compact basalt. Much of 
the rock exhibits columnar jointing and that which does has 
fewer steam holes. 

About 1 mile northwest of Crater there is a tunnel through 
the basalt. From the tunnel southeast for S,000 feet the track 
is bounded on the north side by a perpendicular cliff 100 feet 
or more in height. A sample was taken from a cliff above the 
track at a point 1,000 feet southeast of the tunnel. The cliff 
has a sheer face of 100 feet, wherein the rock is hard, compact, 
dark colored, and almost wholly free from steam holes. When 
tested the rock showed a high resistance to wear and fair cement* 
ing value. It should make a satisfactory road material. 

Along the line of the Chicago, Milwaukee and Puget Sound 
Railway, in the southern part of the county, there are frequent 
cliffs of rock, generally basalt, which rise to 300 feet or more 
above the track. The rock as a rule is very porous and unsuited 
for road material. The best rock is the black basalt near 
Smyrna where the cliffs range from 10 to 76 feet in height. 
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ISLAND COUNTY. 

This county is made up wholly of islands, chiefly Whidbey 
and Camano, each being long and narrow. Transportation by 
water is so common that the necessity for a system of highways 
is less critical in this county than in others. The towns are 
practically all located on the water's edge. Agriculture makes 
slow progress because of the difficulties in the way of clearing 
the land. The soil is mostly very good and an agricultural com- 
munity will be the rule at some time in the future. 

The only rock outcrops are those at the extreme northern 
end of Whidbey island, on Deception Pass. The rock here is 
mostly sandstone and slate, occurring as cliffs of 800 feet or so, 
along the beach. No samples were taken of this rock because 
a state quarry has been established on the opposite side of 
Deception Pass, on Fidalgo island. (Described under Skagit 
county, Serial Number 108). Practically all of the surface of 
Island county is covered with glacial deposits. These are 
mostly till with occasional beds of sand and gravel. The till 
consists of pebbles cemented together with clay. When used in 
surfacing a highway which is properly graded and drained the 
till makes a good road bed, especially where the traffic is light. 
The gravel deposits are also suitable for ordinary roads and will 
prove satisfactory for all save the trunk lines. With the 
abundance of glacial deposits at hand it is not likely that this 
county will need much crushed rock for some years. 

JEFFERSON CX)UNTY. 

GENERAL STATEMENT. 

Jefferson county extends from Puget Sound westward through 
the heart of the Olympic mountains to the Pacific ocean. With- 
in the county there is every variety of surface from low plains 
to rugged mountains. The rainfall is sufiiciently high to insure 
a forest growth everywhere, except on the rocky mountain 
slopes where there is no soil. A large percentage of the county 
is within the Olympic Forest Reserve. The lumber industry has 
been the principal one to this time, but as the land is cleared 
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farming becomes more and more important. The towns are all 
located at the eastern end of the county. Very few settlers live 
west of the Olympics, and none within those mountains. The 
highways of the county are few in number and are all in the 
eastern part where they connect the towns with the country dis- 
tricts. A large part of the transportation is by water so that 
the demand for improved highways is not as keen as it is in the 
interior counties. 
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Fig. 20. Southeastern part of Jefferson county. 
Scale, 1 inch equals 6 miles. 

About all of the eastern end of the county is surfaced with 
glacial materials, mostly till and gravel. Both of these may be 
used to advantage where roads have been properly graded and 
where the traffic is not excessive. For some time such materials 
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may probably be depended upon for the road building of this 
county. When the necessity arises for the use of crushed rock 
in surfacing roads good material may be had along the shores of 
Hood's canal, very convenient for shipment. At a number of 
places dikes of basalt occur where they have been pushed up 
from below, through the country rock of sandstones and shales. 
As a rule basalt of good quality may be found at points not far 
removed from where it may be needed. 

ROAD MATEKIALS TESTED. 

Serial Number 48. 

Between Port Ludlow and Chimacum, on Admiralty inlet, is 

what is known as Basalt Point. This point has a maximum 

height of 100 feet, with rather gentle slopes, broken at the 

water's edge by low cliffs of rock from 5 to £0 feet high. The 
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Fig. 21. A — Basalt outcrop north of Port Ludlow. B — Basalt ledges 

south of Brinnon. 

soil is so thin that the rock is exposed at many places upon the 
hill. Similar rock also outcrops immediately north of Basalt 

Point, between there and Olele Point. 

—7 
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The surface rock of Basalt Point is a soft, weathered, fine 
grained, brittle basalt. The steam holes which once existed in 
it have been filled with spherical masses of quartz, calcite, and 
other minerals. A sample was take^ at the north end of the 
point, about 6 feet above tl^e water. According to the labora- 
tory test it is a dark gray, fine grained, highly altered basalt. 
It has average resistance to wear and fair cementing value. It 
should make a satisfactory road material. 

Scows may be floated into Mats Mats bay at any stage of 

the tide, and a sheltered anchorage found. The present owner 

of Basalt Point and all the land about it is Mr. G. H. Clark, of 

Port Townsend. 

Serial Number 49. 

On the west side of Hood's canal, in this county, the topog- 
raphy is rather rugged since the Olympics approach so close to 
the water. The foothills in some cases slope very steeply to 
the canal, affording good rock exposures. On the west side of 
Quilcene bay, opposite the south end of Bolton penninsula, 
basalt outcrops for a distance of 2 miles. Precipitous cliffs of 
this rock drop down to the water, and in some cases with little 
or no beach at the foot. At many places quarry faces several 
hundred feet in height could easily be developed. The surface 
rock is rather soft and brittle, dark in color, and with the 
original steam cavities filled with spheres of quartz and other 
minerals. A sample of fresh or unweathered rock was taken from 
the foot of the cliff about 3 miles south of the town of Quilcene. 
When tested the basalt proved to be a hard, tough rock with 
average resistance to wear. It has excellent cementing value 
and should make a first-class road material. 

About one-half mile north of Quilcene is a large gravel bank. 
South of Quilcene bay, along Pulali and Wawa points, low 
ledges of soft basalt are exposed, as well as at Brinnon. A good 
working face could not be obtained at any of these places, even 
if the rock were good, as the banks are too low. 

Serial Number 50. 
About 2^ miles south of Brinnon, and on the south side ot 
Pleasant harbor, there is a basalt cliff several hundred feet long 
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which has a perpendicular face varying in height from 10 feet 
to 40 feet. Just inside the entrance to the harbor, on the south 
side, the cliff has a sheer face over 25 feet high, with columnar 
jointing well developed. The amount of overburden is small. 
The rock is fine grained and compact, and quite free from steam 
holes. A sample was taken from near the base of the cliff. The 
laboratory test proved the rock to have high resistance to wear 
and excellent cementing value. Taking all its qualities into 
account it should make an excellent road material. 

Serial Number 51. 

Along the shore from Duckabush south for 2 miles low basalt 
ledges outcrop. The slope of the shore is so gentle that it would 
be necessary to work back into the hill several hundred feet to 
secure a good quarry face. Much of the rock is soft, granular, 
and contains steam holes. About 2 miles south of Duckabush, 
on the south side of McDonald's cove, there is a basalt cliff 
from 10 to 25 feet high. There is a gentle slope above the cliff 
and a rather heavy overburden. Scows can reach the cliff only 
at high tide. Some columnar jointing appears in the cliff, 
and steam cavities are absent. A sample was collected from the 
foot of the ledge at the mouth of the cove. According to the 
test the rock is a fine grained basalt, soft, with average wearing 
value, low toughness and excellent cementing value. It should 
make a very good road material for light traffic. 

KING COUNTY. 

GENERAL STATEMENT. 

King county extends from the shores of Puget Sound east- 
ward to the summit line of the Cascade mountains. Along the 
western border of the county the country is low, with rather 
uniform uplands between the wide valley bottoms. East of the 
belt of lowlands are the foothills of the Cascades. The eastern 
half of the county is very mountainous, the contrasts between 
the high divides and the deep valleys being very strong. 

Over the lowlands of the western part of the county there is 
a thick mantle of glacial drift, with very few rock outcrops. 
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The latter become more nmnerous as one goes eastward until the 
higher mountains are reached where ledges of rock occur every- 
where. The glacial material is made up chiefly of till, with 
beds of gravely sand and clay. Till and gravel have both been 
very generally used in road building where the traffic has be^i 
light. When the roadway is well prepared by draining and 
grading such materials make a satisfactory road. For the 
trunk lines or main highways crushed rock is now being gen- 
erally used. Several varieties of rock are available for use in 
this county, chiefly andesite, basalt, and granite or granodio- 
rite. Fortunately outcrops of good rock occur rather fre- 
quently so that no very long hauls will be necessary in building 
the roads of the county. Besides the rocks within the county, 
other deposits may be drawn upon for road building where 
the ledges outcrop about the shores of the sound convenient for 
shipment. 

The people of the county nearly all live on the lowlands near 
tide-water. Macadamized roads are now building connecting the 
centers of population. Two lines of first-class highways are 
being constructed from Seattle north, and one line south. An 
east and west line, from Seattle through Snoqualmie valley to 
Snoqualmie Pass, is being constructed in sections. A system of 
macadamized highways will soon serve the more thickly popu- 
lated parts of the county. 

. BOAD MATEBIALS TESTED. 

Serial Number 52. 

Near Duwamish Station, on the line of the Puget Sound 
Electric Railway, a basalt quarry has been in operation for 
some years. The quarry is now owned by the Bell-Scott Com- 
pany, with offices in Seattle. The quarry is on the east side of 
a basalt hill, adjacent to the electric line, by which the rock is 
shipped. A quarry face 800 feet long and 100 feet high has 
been developed. There is on an average 2 or 8 feet of soil cover- 
ing, with a few feet of broken, weathered rock, and the remainder 
columnar or jointed blue-black basalt. Steam holes are very 
rare and the porosity slight. The rock breaks with a shell- 
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like fracture and sharp edges. A test made of a sample taken 
from the more massive rock showed it to be a medium grained, 
dark gray basalt, with average hardness and high resistance to 
wear. It is a tough rock and when .rightly used in highway con- 
struction should make an excellent road material. 

At the quarry, in the crushing plant, a Number 2 and Num- 
ber 6 Gates crusher (Class D), are used, with a capacity of 
from 20 to 46 tons per hour. Twenty men are ordinarily em- 
ployed. The rock is dropped from the quarry floor to the 
crushers, and then lifted in conveyors to the screens and bins. 
The crushed rock has been used extensively on the roads of the 
county, and on the streets and boulevards of Seattle. It is also 
used in concrete work as well as in asphalting. 

Serial Number 53. 

On the hillside immediately west of the foot of Lake Washing- 
ton, near Earlington, there are a few outcrops of andesite. As 
a rule the outcrops are hidden among the underbrush of the 
forest and are difficult to find. At a few places, near together. 
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Fig. 22. A — County quarry one mile south of Snoqualmle. B — Basalt 
quarry and crushing plant between Blverton and Duwamlsh. 

the overburden has been stripped away and several tons of the 
rock have been blasted out to determine the quality of the stone. 
The surface rock is too soft to be of practical use in road build- 
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ing. It is possible that the deeper rock might be hard enough 
to use in this connection. It is located adjacent to the city of 
Seattle and would be very valuable in street work if it possesses 
the proper qualities. A sample was taken from the hardest 
rock that could be found where a small test pit was opened on 
land belonging to Mr. Watson Allen. The test proved the 
rock to be a light gray, highly decomposed andesite; a rather 
soft rock, a little low in toughness, with average resistance to 
wear, and excellent c^nenting value. It should make a fairly 
satisfactory road material. 

Serial Number 54. 

About iy2 miles southeast of Snoqualmie is a quarry which is 
the property of King county. The quarry is opened in the 
side of a hill which is about 400 feet long in a north and south 
direction, and about half as wide. The hill rises to a maximum 
height of 80 feet above the surroimding plain. The hill is 
entirely isolated, and is a remnant of erosion in the broad valley 
of Snoqualmie river. A spur track about 800 feet long con- 
nects the quarry with the Northern Pacific Railway, over which 
the crushed rock is shipped. 

There is a mixture of several varieties of rock in the hill. The 
bulk of the mass is andesite, with dikes of other igneous rocks 
as weU as some slate. A sample was taken from the andesite as 
representing the best road material in the hill. According to 
the laboratory test it is a highly altered andesite, hard and 
tough, with high resistance to wear and fair cementing value. 
It should make a satisfactory road material. The andesite 
should be separated from the other rocks in quarrying and it 
alone used. 

The county has purchased 27 acres of land and installed a 
plant with a gyratory crusher which has a capacity of 20 
tons of rock per hour. After crushing, the rock is lifted in 
conveyors to the screens, from which it drops into the bins which 
have a capacity of 300 tons. The machinery is run by a 35 
horse power steam engine. 
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Serial Number 55. 

On the Great Northern Railway, near the King-Snohomish 
county line, at Halford Station, there are 2 granite quarries. 
One of these belongs to the Halford Granite Company and the 
other to the Great Northern Railway Company. The former 
company deals in cut and rough stone, building stone, street 
curbing and paving blocks. The railway company uses its 
rock in the construction of a sea wall between Seattle and 
Everett. 

The quarry of the railway company has a face 600 feet 

long and approximately 250 feet high. The overburden is not 

great. The middle portion of the quarry is much jointed and 

rather more weathered than other parts. In other places the 

rock is more massive and therefore fresher and harder. The 

hardest rock is at the eastern end of the quarry and here a sample 

was taken. The rock is technically a granodiorite, although it 

is always known as a granite. It is light gray and coarse 

grained. According to the test it is a hard rock, with low 

toughness, average resistance to wear, and fair cementing value. 

It is only suitable for the foundation course in plain macadam 

construction. 

Serial Number 56. 

This sample was taken from a point one-fourth of a mile north 
of Scenic, alongside the railway track. At this place there is 
a steep rocky slope of 500 feet between the track above and the 
track below, where the railway makes a great loop in climbing 
the mountains. At the base of the slope a face of rock 40 feet 
high is exposed. At the foot of this cliff a sample was collected. 
The laboratory test proved it to be a coarse grained granodio- 
rite; a hard rock with low toughness and fair cementing value. 
It is not recommended as a road material except in the founda- 
tion course. 

Serial Number 57. 

For some distance west of Hot Springs, along the Northern 
Pacific Railway, there are outcrops of rock which project as 
spurs from the mountain on the south. About one mile west of 
Hot Springs there is a rounded cliff with a steep face having a 
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maximum height of 100 feet. Except for a little broken rock 
there is little or no overburden. A sample was taken near the 
east end of the cliff, from a ledge about 20 feet above the track. 




Fio. 23. A — Granite quarry at Halford. B — Quarry of Seattle Park 

Board near Franklin. 

As proven by the test the rock is a dense, gray black, por- 
phyritic basalt. It is a hard, tough rock, with high resistance 
to wear and low cementing value. It should make a satisfactory 
road material under heavy traffic. 

Serial Number 58. 
About one mile south of Veazie the Northern Pacific Rail- 
way operates a small quarry for the purpose of securing stone 
for ballast, rip-rap, etc. The quarry is on the side of a hill 
about 75 feet high and SOO feet long. A sample was taken at 
the south end of the quarry where the rock occurs in large 
columns. There is no overburden, and since the rock is in 
columnar form the quarry operations are very economical. The 
laboratory test showed the rock to be a medium grained, brown- 
ish gray diabase. It possesses average hardness and resistance 
to wear, rather low toughness and very high cementing value. 
It should make an excellent road material. 
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Two miles north of Enumclaw, near Birch schoolhouse, a pre- 
cipitous face of basalt occurs, 300 feet long and 160 feet high. 
It is of a coarse grained and brittle character and is not be- 
lieved to be desirable for use as a road material. 

Serial Number 69. 

This sample was taken from a quarry owned by the Seattle 
Park Board, and located about a half mile west of Franklin, 
alongside the track of the Columbia and Fuget Soimd Railway. 
The quarry is in a dike of basalt about 110 feet wide which lays 
between some sedimentary formations belonging to the coal 
measures of that region. The sedimentary strata, with in- 
cluded dike, have a north and south strike, and a westward dip 
of 76 degrees. 

The sedimentary rocks which belong above the dike form an 
overburden on the basalt which becomes increasingly thicker and 
more difficult to remove as the quarry face is pushed further and 
further into the hill. A laboratory examination of the rock 
proved it to be an altered basalt. It is characterized by medium 
hardness and resistance to wear, with low toughness and ex- 
cellent cementing value. It is a satisfactory material for mac- 
adam work. 

Serial Number 60. 

This sample was collected from a hill along the railway about 
2 miles east of Hobart. The hill is about 260 feet in height 
above the railway grade, and distant from it about SOO yards. 
It is soil covered to about half its height, but the upper half of 
the hill is a rounded, bare boss of rock. A sample was tested 
out in the laboratory and proved to be a dense, fine grained, 
light greenish gray, highly altered andesite. It is a hard, tough 
rock with average resistance to wear and low cementing value. 
It should make a satisfactory road material under heavy traffic. 
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KITSAP COUNTY. 



GENEBAL STATEMENT. 



Kitsap county is essentiaUy a peninsulay situated between 
Hood's canal on the west and the main body of Fuget Sound on 
the east. Its shores are greatly indented, abounding in good 
harbors, so that much of the transportation of the county is 
carried on by water. It is located within the Puget Sound 



r7^^ 




Fio. 24. Central part of Kitsap county. 
Scale, 1 Inch equals 6 miles. 



lowland, so that no part of its gently rolling surface exceeds 
600 feet above the sea. It was once heavily forested but the 
virgin timber is now largely removed. Because of its proximity 
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to good markets the logged-off lands are being cleared for 
farms. The farms are generally small so that in certain lo- 
calities the rural population has grown to the point where good 
roads are now necessary. As a rule the roads are short, extend- 
ing from the interior of the peninsula to the nearest good 
harbor where there are wharves. 

The major part of the county is deeply buried under a thick 
mantle of glacial sediments. The highways so far have been 
entirely made of these materials. The glacial till, composed of 
pebbles with a cement of clay, makes a fair road wherever the 
drainage and the grades are good. It is likely to be very dusty 
in summer and muddy in winter. Beds of gravel are generally 
distributed, as a part of the glacial deposits, and may be used in 
surfacing the highways. Bedrock appears at the surface but 
rarely and then usually about the shores of the Sound or along 
Hood's canal. It is prevailingly sedimentary in character, 
usually alternating layers of sandstone and shale. It is worth- 
less as a source of road materials. Basalt is very scarce and the 
locality described below is the only well known accessible one. 
Igneous dikes occur in the low hills west of Chico but not in a 
convenient location for use in road building. 

ROAD MATERIALS TESTED. 

Serial Number 61. 

On the northwest side of Sinclair inlet diabase is exposed along 
the beach for over a mile and a half. The highest ledges occur 
at the quarry of the Independent Asphalt Paving Company, with 
offices in Seattle. This quarry is situated 2^ miles southwest 
of Charleston, in the N. 1/2 of Sec. 88, T. M N., R. 1 E. The 
total length of the quarry is 2,000 feet, with an average height 
of 76 feet. Much of the quarry face is hidden by the broken 
rock which has been blasted off from above, making a talus 
slope at the base. There is less than a foot of soil on tlie rock 
at the top of the exposure. The hill rises gently from the rim 
of the quarry north to the county road, about 1,000 feet away. 
The base of the quarry is 150 feet from the beach. 
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The rock is a medium grained, black diabase, soft on the 
weathered surfaces but harder within. The formation through- 
out the quarry is jointed 
and broken. At the north- 
cast end of the quarry there 
are some ahnost perfect 
hexagonal columns. Steam 
holes occur, generally small, 
but occasionally they are 
found with diameters of one- 
half inch or more. Many 
of them have become filled 
with calcite and other min- 
erals. A sample of the best 
rock was selected for a lab- 
oratory test. It proved to 
be a hard rock with average 
toughness and resistance to 
wear and very good cement- 
ing value. It should make 
a first-class road material. 

The rock is crushed after quarrying and then scowed to 
Seattle and Tacoma where it is used in asphalting, in macadam- 
izing, and for concrete making. The crusher has a capacity of 
200 yards per 10 hours for coarse rock, and 160 yards for finer 
rock. 

KITTITAS COUNTY. 

GENEBAL STATEMENT. 

This county extends from the summit of the Cascade moun- 
tains eastward to Columbia river. The general topography 
of the western half of the county is that of a rugged mountain- 
ous region; that of the eastern half a broken plateau. The 
Columbia has incised a deep canyon along the eastern margin 
of the coimty. Yakima river has eroded a valley of unusual 
width, except in its upper portion within the mountains, and 
in the southern part of the county, below Thrall, where it has 



Fig. 25. Quarry 2% miles southwest 
of Charleston. 
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PART OF KITTITAS COUNTY, NEAR ELLBNSBUR6. 
Scale, 1 inch equals 6 miles. 
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formed a remarkable canyon. The widest part of the valley 
is in the vicinity of Ellensburg, where it is locally known as 
the Kittitas valley. 

The majority of the people of the county live within Kittitas 
valley where irrigation has led to the development of many 
fine hay and fruit ranches. The principal towns of the upper 
Yakima valley, Cle Elum and Roslyn, are located in a promi- 
nent Toal mining district. In the thickly settled portions of 
the county there is now a necessity for good roads. So much 
traffic has developed that the trunk roads at least should be 
macadamized. A first-class highway is needed which will run 
lengthwise of Yakima valley, feeders or branch roads extending 
from it to the ranches along the borders of the valley. 

The best road material in the county is basalt. This rock 
occurs in unlimited quantities along the canyon walls south of 
Thrall. At many points it outcrops along the Northern Pa- 
cific railway between Ellensburg and Easton. It occurs in the 
cuts along the Chicago, Milwaukee and Puget Sound railway 
between Ellensburg and Columbia river, and between Ellensburg 
and Snoqualmie pass. It is so widespread in its occurrence 
that it will not need to be transported very far in any road 
building within the county. 

Along Yakima river at several places benches of gravel oc- 
cur. The gravel is usually of good quality and is of value in 
surfacing the roads which have a light travel. Between El- 
lensburg and Thorp gravel deposits are rather frequent. Im- 
mediately northwest of Thorp, on the Chicago, Milwaukee and 
Puget Sound railway, gravel is exposed in a large bank at least 
40 feet high and several hundred feet long. 

ROAD MATERIALS TESTED. 

Serial Number 62. 

Cliffs of basalt, hundreds of feet in height, make up the walls 
of the Yakima canyon. In most of the higher cliffs several 
distinct flows of lava may be seen, the contacts usually being 
quite noticeable. Columnar jointing is very common. As a 
rule the rock contains steam holes in abundance, although the 
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amount varies. There is much compact, hard rock, but where 
it is overlaid by flows of porous, soft rock, it can not be 
quarried economically. 

This sample was taken about one-third of a mile south of 
Roza, near the south end of the first cUif , from the base of the 
ledge. This cUif is about 250 feet long and all told at least 
100 feet high. The hiU behind it rises to a height of several 
hundred feet by a series of steps. The rock in the cliff at the 
base shows columnar jointing. It is rather hard and has a 
fresh, unaltered appearance on a fractured surface. It is a 
fine-grained rock, breaks in a shell-like fashion, and has only a 
very few steam holes. The rock of the south half of the cliff, 
where the sample was taken, appears to be somewhat harder 
than that of the north part. According to the laboratory test 
it is a tough rock with high resistance to wear and low cement- 
ing value. It should make a satisfactory road material under 
very heavy traffic. 

Serial Number 63. 

About % miles north of Umptanum, as the river and the rail- 
way wind, there is an abandoned quarry on the west canyon 
wall. The face of rock in the quarry is 225 feet long and 
from 30 to 40 feet in height. It has an overburden varying 
from 1 to 4 feet. There is approximately a 35-degree slope 
on the canyon side above the quarry. The rock is very uniform 
in appearance and free from steam holes. It is jointed in 
great, heavy columns, often 4 feet in diameter, extending from 
the base to the top of the quarry. The rock itself is a dark 
gray, heavy, fine grained basalt, and fairly hard, although 
scratched with soft steel. It is very fresh looking and has 
not suffered any alteration. A sample was collected from the 
rock within the quarry. According to the test made upon it 
it is a tough rock with high resistance to wear and low cement- 
ing value. It should make a satisfactory road material for 
heavy traffic. 

The floor of this quarry is not over 4 feet above the track of 
the Northern Pacific railway, which is 126 feet distant. The 
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quarry is connected with the railway by a spur track. By 
going up the slope above the quarry and stripping off the soil 
and broken rock a rock face of almost any size could be de- 
veloped. 
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Fio. 26. A — ^Basalt quarry near Umptanum. B — Basalt cliffs near Kountze. 

Serial Number 64. 

About 4 miles northwest of Thorp, in Sec. 28, T. 19 N., R. 
17 E., there is a basalt cUff along the north side of the Northern 
Pacific railway track. It is several hundred feet long and for 
most of the way is more than 100 feet high. Back of the first 
dliff thefre is a second one from 75 to 100 feet in height. 
There is much columnar jointing in the upper cUff but less in 
the lower. The topmost portion of the lower flow has quite 
abundant steam holes and a few also appear in the upper flow. 
In general the rock consists of fine-grained, gray basalt, of 
varying hardness. A sample was collected from the base of a 
cliff about 70 feet above the track. When tested it demon- 
strated itself to be a hard, tough rock with high resistance to 
wear and low cementing value. Under heavy traffic this ma- 
terial could be used in a satisfactory way. 

A half mile east of Kountze there is a cliff averaging 100 
feet in height, several hundred feet long, on the north side of 
the Northern Pacific railway. It is made up of a fine-grained, 



The Road Materials of Washington 118 

tough, hard basalt, containing very few steam holes. Although 

it was not tested the rock can be safely recommended as a 

road material. 

Serial Number 65. 

Inunediately west of Easton there is a rock cliff with a per- 
pendicular face about 50 feet in height. The cliff has been 
tunneled by the Chicago, Milwaukee and Puget Sound railway, 
and the broken rock from the tunnel and neighboring cuts 
makes a great slope which extends to the track of the Northern 
Pacific railway, farther down the mountain side. The fresh 
rock is white in color but is pinkish where altered. The rock 
softens under the weather, and becomes porous. There is but 
little overburden on the ledge. A sample was collected from 
the rock taken out in driving the tunnel. According to the 
laboratory test the rock is a medium grained, yellowish gray 
syenite. It offers very high resistance to wear and has fair 
cementing value. It is best suited for roads subjected to 
heavy traffic. 

KLICKITAT COUNTY. 

GENEEAL STATEMENT. 

Klickitat county is located on the southern boundary of the 
^tate and it has a frontage along Columbia river of about 90 
males. Its general topography is that of a plateau, gently 
sloping from north to south. The western end of the county 
extends well into the Cascade mountains; the eastern end is a 
part of the great interior plain of the state. In the we-^lcra 
half of the county the streams flow in deep valleys, usually 
canyon-like in character ; in the eastern half the county is roll- 
ing and the valleys less pronounced. 

Agriculture is the principal industry of the county. Irri- 
gation is necessary in all the lowlands, but on the higher por- 
tions of the plateau the natural rainfall is suflicient for wheat 
raising. Irrigated ranches are coming to be numerous on the 
benches along Columbia river, and in the valleys of the western 
part of the county where water may be had readily. The irri- 
gated valleys will soon maintain a large population and a 
—8 
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system of good roads will be imperative. Thus far but little 
attention has been given to the matter of first-class highways. 
As noted below there is an abundance of good road material at 
hand whenever the time comes for the construction of macad- 
amized roads. 

As far as known the country rock is all basalt. It out- 
crops abundantly almost everywhere except over certain local- 
ities in the eastern part of the county where there is a thick 
mantle of soil. It occurs as great cliifs along Columbia river, 
almost all of the way from the western margin of the county to 
the eastern end. It is especially prominent along the lower 
Klickitat valley for many miles. Along all the streams in the 
western end of the county it outcrops in great cliffs. In many 
instances the rock contains such an abundance of cavities that 
it would be valueless in surfacing a road. Very frequently the 
rock occurs in great columnar masses and as a rule excellent 
material for macadamizing may be had when this is tnle. 
There is probably no county in the state that has such an 
abundance. of good road material as Klickitat county. 

BOAD MATERIALS TESTED. 

Serial Number 66. 

This sample was taken at the base of a 200-foot cliff along 
the railway one and one-fourth miles west of Cliffs. The cliff 
extends unbroken along the track for at least 1,600 feet. The 
rock is massive in character, hard and tough, and free from 
steam holes. According to the laboratory test it is a medium- 
grained, greenish black basalt, with a rather high resistance 
to wear and fair cementing value. It should be regarded as 
a satisfactory road material. 

Excellent quarry sites in good basalt rock occur in the hills 
back of Cliffs and about SOO yards from the railway. Along 
the railway from Cliffs eastward basalt of good quality is 
found at several places. Workable faces of good rock occur 
at a locality three miles east of Cliffs, and also at Fountain 
and Sandal. 
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Between Maryhill and Cliffs high walls of rock border the 

railway for about one-half the distance. The rock is generally 

of a brownish color, coarse-grained, and more or less porous 

by reason of included steam holes. As Cliffs is approached 

the quality of the rock improves very markedly as it becomes 

darker in color, finer grained, much tougher, and more free 

from cavities. 

Serial Number 67. 

This sample was taken at the west end of tunnel No. 11, 
one-half east of Lyle. The rock is a hard, black columnar 
basalt, containing a few small steam holes. Rock of this char- 
acter and quality is abundant for a distance of 500 yards east- 
ward from the tunnel. The cUff in several places has a height 
of from 150 feet to 200 feet. The report of the test shows 
that the rock has average resistance to wear, rather low tough- 
ness, and good cementing value. It should make a good road 
material. This is probably the best quarry site in the county 
on account of the height of the cliff, proximity to rail and 
water transportation, and situation as regards the principal 
towns of the region.^ 

SeHaJ Number 68. 

There is a low cliff of basalt one mile west of Lyle, near the 
bridge across EHickitat river. The rock is peculiar in that it 
splits into plates of moderate thickness with approximately 
pluie surfaces. In some places the rock is indistinctly colum- 
nar, and everywhere is quite free from steam holes. The 
sample taken here was proven in the laboratory test to be a 
rather hard rock with average toughness and good cementing 
value. If used in highway construction it should make a sat- 
isfactory road material. 

Numerous cliffs of good basalt rock occur along the rail- 
way track between Lyle and Bingen. The cliffs often reach 
heights of 200 feet and are generally accompanied by heavy 
slopes of broken rock. The rock is often in the form of vertical 
columns and is jointed to such a degree that it is easily quar- 
ried. Localities may be found where the rock is dense and hard 
and very free from steam holes. 
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Serial Number 69. 

One mile west of Bingen the railway track was cut through 
columnar basalt for 450 feet. The cut varies from 30 to M 
feet in depth. The columns, usually from 10 to 12 inches in 
diameter, stand in a vertical position, and are strikingly reg- 
ular. The rock is covered by a thin layer of soil; otherwise 
there is no overburden and the rock is unweathered. The 
sample collected here was identified in the laboratory test as a 
dense, fine-grained, gray-black basalt; a hard and very tough 
rock with high resistance to wear and fair cementing value. It 
should make a satisfactory road material. 

East of Bingen rock similar to the above occurs in high 
cliffs. It is usually in large columns and contains some steam 
holes. Two miles east of Bingen there is such a cliff 70 feet 
high and several hundred feet long. Rock of excellent quality 
occurs near Vila, where the average height of the exposed face 
is about 40 feet. 

Along the railway from Lyle to Groldendale basalt occurs 
conspicuously in the walls of the Klickitat canyon for 15 mflest 
northward from Lyle. Beyond this rock is only occasionaUy 
exposed, as for instance in the case of the scabrock on the low 
hills near Goldendale. The rock in Klickitat canyon is basalt 
of fairly good quality, dark in color, compact, and usually 
columnar. The cliffs are low and heavily covered above with 
soil. The best rock occurs in a cliff 1 mile from Pitt, or 11 
miles from Lyle. A similar cliff occurs between Wahkiacus 
and Warrick. 

LEWIS COUNTY. 

GENEEAIi STATEMENT. 

Lewis county extends from the summit of the Cascades west- 
ward for over 90 miles. The eastern half of the county lies 
within the foothills and higher ridges of the Cascades; the 
extreme western end extends into the low mountains of the 
Coast range; between these two highlands there is a broad 
north and south valley which is in reality an extension south- 
ward of the Puget Sound basin. 
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The annual rainfall of the county varies with the topography 
and the distance from the sea. In the lowlands it averages 50 
inches per year;, in the highlands, chiefly along the western 
border, it averages 70 inches per year. Because of the large 
rainfall a heavy forest growth, equal to that found anywhere 
in the state, once covered nearly every portion of the county. 
In the lowlands a large part of the forest has been removed, 
and much of the cut-over land has been cleared for farms. 
This is particularly true in the broad valleys of Cowlitz and 
Chehalis rivers, and their tributary valleys, where the soil is 
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Fig. 27. Northwestern portion of Lewis county. 
Scale, 1 Inch equals 6 miles. 

excellent and agricultural conditions are highly favorable. Im- 
portant farming communities have developed at many places 
and good roads connecting these with each other and with the 
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towns have been building for some years. This has been one 
of the leading counties in the state in the matter of good roads. 
Trunk highways have been properly laid out and some of them 
surfaced with crushed rock or gravel. 

The rocks which outcrop in the settled parts of the coimty 
are of two classes, viz. sedimentary formations, such as sand- 
stones and shales, and dikes of basalt. The former is of no 
value in road building; the latter is a valuable material for 
macadamizing and the county is fortunate in having several 
good deposits of it. Besides the bed-rock which may be used 
in road work, banks of gravel occur very frequently. In some 
instances they extend over broad areas in the form of plains, 
and at other times form benches or bars along the streams. 
Gravel has been used satisfactorily on many roads where the 
amount of travel is not large. 

BOAD MATERIALS TESTED. 

Serial Number 70. 

At Meskill, 13 miles west of Chehalis, on the South Bend 
branch of the Northern Pacific railway, a basalt quarry has 
been operated for some years. At this locality there is a long 
hill paralleling the track for several thousand feet and at the 
Meskill end of the hill a quarry has been opened. In the quarry 
there is a face of basalt exposed approximately 150 feet long 
and 40 feet high. An average of about 3 feet of soil and weath- 
ered rock is stripped oif the top and thrown away. The basalt 
is very hard, except at the extreme north end of the quarry. 
There is some columnar jointing in the middle portion of the 
quarry. A sample was taken from near the south end of the 
quarry. According to the test made upon it, it is a fine- 
grained, dark gray basalt of average hardness and toughness. 
It oifers rather high resistance to wear and has fair cementing 
value. The results of the test show that it should make a sat- 
factory road material. 

This quarry was first opened and operated by the county 
but is now owned and controlled by the state. It is operated 
by convicts who are housed in a stockade adjoining. In the 
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qoarry rock is first thrown into steel cars and then pushed over 
a horizontal track for about MO feet and dropped into a gyra- 
tory crusher. After crushing it is conveyed upward into the 
screens and bins. The bins have a capacity of 200 cubic yards. 

A few hundred feet south of the quarry described, on land 
belonging to the state, the basalt hill becomes much steeper 
and higher. At this point the rock rises as a bold bluff from 
the east side of the railway track, the face of the hill having an 
inclination of about 46 degrees. At the highest point of the 
hill a height of 186 feet 
above the track is reached. 
The face of the bluff is 
practically barren of soil, 
so that the amount of strip- 
ping required would be 
small. On the face of the 
hill, where it is highest, 
there is a good opportunity 
to open a quarry in basalt 
and install a crushing 
plant, using a gravity sys- 
tem wholly. The rock at 
this place is very hard and 
tough, fine-grained, compact and unusually free from steam 
holes and other cavities. It breaks with a shell-like fracture 
and sharp edges, and appears to be fresh and unweathered. 

About one-half mile south of Doty, on the east side of the 
railway, there is a cliff of basalt several hundred feet long and 
about 30 feet high. The foot of the cliff is approximately 
600 feet east of the track, and there is a slope of broken rock 
about 200 feet wide, extending from the base of the cliff toward 
the railway. The vertical distance from the foot of the slide 
rock to the top of the cliff is about 76 feet. Farther to the 
southwest the hill increases in height, but this would be a 
greater distance from the railroad. There is but little over- 
burden to be seen on the brow of the hill. A small fill and a 
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Fig. 28. State quarry and crushing 
plant at MeskUl. 
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short spur track would connect this rock deposit with the main 
line. A sample of rock was collected here for a test but it wat 
lost in shipment. The rock nearest the track is a dark, heavy, 
compact, rather hard basalt, free from steam holes. 

South of Pe £11, above the bridge where the railway crosses 
Chehalis river, the stream has cut a small gorge in a ledge of 
basalt. On the surface the rock is too weathered and soft to 
have any value. About 2 miles west of Chehalis, and a mile 
.south of Littell, there are some small outcrops of basalt where a 
little rock has been tak^i out for road work. Since the opening 
of the quarry at Meskill these workings have been abandoned. 

LINCOLN COUNTY. 

GENERAL STATEMENT. 

This county is located toward the eastern margin of the 
state, but about equidistant from the north and south bounda- 
ries. It forms a part of the great lava plateau of southeastern 
Washington, and varies from 1,500 feet to 2,000 feet above 
sea level. On the northern boundary of the county the plateau 
breaks off very abruptly into the canyons of Columbia and 
Spokane rivers. The slope of the plateau is almost wholly 
southward into the drainage of upper Crab creek. 

About all of the underlying rock of the county is basalt. 
The rock beneath the basalt flows has be«i uncovered along 
some of the deeper canyons, as may be seen along Columbia 
and Spokane rivers. Over the uplands the bed-rock does not 
commonly appear except along the walls of the larger coulees. 
The wagon roads and railways commonly follow the coulees 
and so a means of transportation is generally afforded when 
the rock is needed. The basalt varies greatly in character 
from place to place, and even in the same locality. Some of 
the flows of lava are too porous to be serviceable. Usually lava 
sufficiently free from steam holes to be valuable for road build- 
ing may be found along any coulee wall where there are large 
outcrops. 

The annual rainfall of the county varies from 10 inches in 
the lower portions to 15 inches over the higher parts. The 
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precipitation comes chiefly in spring and it is only at that 
season that the smeJl streams are active. Only the larger 
streams have a permanent flow and all the others are intermit- 
tent in character. It is in general a treeless country, the chief 
exception being the scattering growth of conifers along the 
eastern and northern margins. It was originally a bunch grass 
region but all the arable portions of the county are now in 
wheat fields.. The farms are large and as long as wheat raising 
continues to be the chief industry it is not likely that the county 
will increase in population except at a very slow rate. The 
towns are small and growing slowly. Outside of a few trunk 
lines it is not likely that many roads will be surfaced with 
crushed rock for some years. The basalt is generally of a 
good quality and quarries to supply crushed rock can be had 
sufficiently near together to keep the cost of transportation 
within reasonable limits. There is a general absence of gravel 
convenient for road use, and so crushed rock will needs be de- 
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Fio. 29. Part of Lincoln county, around Wil1)ur. 
Scale, 1 inch equals 6 miles. 



pended upon for road material when first-class highways are 
constructed. 
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ROAD IfATERIALS TESTED. 

Serial Number 71. 

The country around Davenport is gently rolling and there 
are few outcrops of rock. About 2 miles northwest of the 
town, m the NE% of Sec. 18, T. 25 N., R. 87 E., 100 feet 
north of the wagon road, there is a basalt ledge along the 
side of the creek. The ledge has an 8-foot face or cliff of 
rock and a small talus slope. The surface rock is somewhat 
weathered and porous, but the quality improves within the 
ledge. A sample was procured here and sent to the laboratory 
to be tested. It was found to be a fine-grained, brown-black 
porous basalt; a rather soft rock with low toughness, average 
resistance to wear, and fair cementing value. If used in road 
building it should make a satisfactory material. 

Serial Number 72. 

West of the above locality, about 3V^ miles distant from Dav* 
oiport, this sample was taken. At this point, on the north side 
of the creek, a basalt cliff is located about 100 feet northeast 
of the wagon road. The basalt cliff continues in a northeast 
direction for several hundred feet. The face of the cliff varies 
from 4 feet to 15 feet in height, with a long slope of broken 
rock at the bottom. A thin layer of soil overlies the rock. The 
surface of the rock is much weathered, but there are only a few 
steam holes. A sample was secured at a point about 250 feet 
northeast of the road. When tested the rock was found to be a 
fine grained, gray-black basalt, very hard and tough, with 
average resistance to wear and good cementing value. As 
crushed rock it should make a very good road material for 
heavy traffic. 

Westerly from Davenport there is no rock along the railway 
track until a point is reached about 4 miles southeast of Fel- 
lows ; from here onward for 5 miles there are many mesa-shaped 
areas of porous basalt lava, with low cliffs from 5 to 20 feet 
high. There are also many small knolls and knobs of basalt 
containing an abundance of steam holes. 
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Easterly from Davenport the railway passes through an al- 
most level country in which there are very few outcrops of rock. 
There is a 5-foot ledge of basalt exposed on the south side of 
the track in the eastern part of Reardan, and another about 
half way between that town and Mondovi. 

Serial Number 73. 

This sample was taken from a ledge one mile southwest pf 
Sprague. The locality is away from the railway about one mile 
and is now reached only by wagon-road. There is here a ridge 
of basalt 800 feet long and 20 feet or so in height. The ridge 
is bare on top, as well as along its western face. The rock 
occurs in columns about 18 inches in diameter, standing ver- 
tically. The basalt is very hard and has a sharp shell-like frac- 
ture in small specimens. Larger blocks have a tendency toward 
plane surfaces. In the laboratory this rock was found to be n 
fine-grained, gray-black basalt, hard and tough. It has high 
resistance to wear and fair cementing value. It should produce 
a crushed rock which could be used successfully in road building. 
Considerable rock has been quarried here and used in Sprague 
for foundation work. Numerous ledges of very similar rock, 
friOm 5 feet to 10 feet in height, occur along the railway from 
one-half to one and one-half miles southwest of Sprague. 

Serial Number 74. 

Extending first easterly and then northerly, from Wilbur to 
Sherman, there is a small coulee with basalt walls for almost its 
entire length. A sample was taken from a cliff in the S.W.% 
of Sec. 9, T. 26 N., R. 33 E., about one-half mile north of the 
railway and very near a county road. The cliff has a perpen- 
dicular face of 15 feet, with a long slope of broken rock at its 
foot. It is covered with a very thin veneer of soil. It is a heavy 
fine-grained, dense gray-black basalt, emitting a metallic sound 
when struck. There are no steam holes in the rock at this point. 
According to the test that was made this is a hard, tough rock 
with high resistance to wear and fair cementing value. For 
macadamizing work it should yield satisfactory material. 
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Serial Number 75. 

The town of Wilbur is bounded along the north side by a low 
rampart of basalt from 5 to 15 feet in height, with a steep slope 
of broken rock at the foot of the cliff. There is very little over- 
burden in the way of soil. The rock is fine-grained, blue-black, 
and contains quite abundant small steam holes. The rock that 
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FiQ. so. A — Some basalt ledges at Wilbur. B — Basalt cliffs near Sprague. 

was tested from this point showed average resistance to wear 
and good cementing value. Although it was not tested for 
hardness and toughness it is believed that it would make a 
satisfactory road material. West of Wilbur for about 1% 
miles small ledges of basalt crop out in which the steam holes 
are very abundant. 

Serial Number 76. 

Extending in a southeasterly direction from Govan for sev- 
eral miles there is a coulee with terraced sides and perpendicular 
faces of basalt having a maximum height of 40 feet. About 
one-half mile east of Govan, between the wagon road and the 
railway, there is a cliff and slope of broken rock extending east 
and west for several hundred feet. The perpendicular face of 
basalt, about the broken rock, varies in height from 2 feet to 
8 feet. There is only a very light overburden. The cliff is less 
than 100 feet from the wagon road, and only a little further 
from the railway. The rock is a compact, heavy, gray-black 
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basalt, with very few steam holes. According to the test made 
upon the sample secured here the basalt is a hard, tough rock, 
with high resistance to wear and fair cementing value. It is 
best suited for roads having heavy traffic. 

Between the wagon road and the railway, about one and one- 
half miles east of Govan, there is a pit of gravel made up of 
well rounded pebbles of basalt. That part of the highway be- 
ginning one-half mile southeast of the town and extending 
southeasterly for a mile or more has been surfaced with gravel 
from this pit. On the roadway the pebbles have cemented to- 
gether fairly well. 

Serial Number 77. 

Three-fourths of a mile northeast of Almira there is a rail- 
way cut 150 feet long with a maximum depth of 10 feet. The 
wagon road is close by on the south. There is but little soil 
above the rock. A sample was taken from the fresh rock in the 
cut. The test showed it to be a heavy, dark gray basalt, with 
a few small steam holes. It is a hard, tough rock, with high 
resistance to wear and fair cementing value. If used as a road 
material it would be best suited for highways having heavy 

traffic. 

Serial Number 78. 

One mile south of Almira a coulee begins which extends in a 
southerly direction for many miles, affording large exposures 
of basalt. In this coulee about one and one-half miles south of 
Ahnira, in the SEy^ of Sec. 4, T. 26 N., R. 81 E., there is a 
perpendicular wall of basalt S5 feet or more in height, on the 
east side of the coulee. The wall is apparently made up of 
three flows of lava. On top there is a layer 16 feet thick of 
dark basalt, containing many small steam holes, and overlaid 
by a few inches of soil. The second layer, also about 16 feet 
thick, exhibits many vertical columns from 1 to 2 feet in di- 
ameter. The rock of this flow is compact, dark and heavy, with 
very few steam holes. The lower flow is almost wholly con- 
cealed by the great mass of broken rock at the base of the cliff. 
A sample was taken from the columnar rock of the second or 
middle lava flow. As tested it is a fine grained, gray-black, 
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porous basalt, hard and tough, with high resistance to wear and 
good cementing value. It has all of the qualities that go to 
make up an excellent road material. A wagon road runs past 
this cliff, on its way to Almira, but with a rather steep grade 
for a part of the way. 

MASON COUNTY. 

GENERAL STATEMENT. 

The northern portion of this county, that from Hood's Canal 
westward, lies within the Olympic mountains. The foot-hills 
come down to tide-water on the east, and merge into the higher 
parts of the Olympics on the west. The eastern and southern 
parts of the county are regions of low relief, covered with broad 
plains and low hills. The streams of the highlands flow in deep 
valleys, sometimes canyons, with sharp and high divides be- 
tween them ; the streams of the lowlands have little velocity and 
wide valleys, with broad interstream areas. 

There are very few outcrops of rock in the county, outside 
of the mountains. The lowlands have glacial deposits every- 
where as their surface coating. These consist mostly of beds 
of till and gravel. Both of these materials make satisfactory 
roads where the travel is light. Some of the gravels bind to- 
gether well, and have been known as "cement gravel." The till, 
consisting of pebbles cemented by clay, makes good roads where 
the grades have been properly established and the drainage is 
good. There are many gravel plains within the county where 
the roads are always good. Many miles of county road have 
been gravelled, with satisfactory results. 

The best rock deposits suitable for yielding crushed stone, 
and which are convenient for transportation, are located along 
Hood's Canal. While some of this rock is only fairly good, 
there are certain deposits which may be used with good results. 
It is reported that southwest of Shelton, near Cloquallum, on 
a logging railway, there are basalt cuts from 10 to SO feet in 
depth. Some of this rock has been used along the railway for 
riprapping. No samples were secured at these outcrops for 
testing. 
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The annual rainfall of the county varies from 60 inches to 
86 inches. This insures a rank forest growth almost every- 
where. The only exceptions to a heavy stand of timber have 
been the highest mountain slopes and some of the gravel prairies 
where the soil is very coarse. The industries dependent upon 
the forests have always been the principal ones. With the re- 
moval of the forest agriculture is securing a foot-hold where 
the soil conditions are best. The agriculttiral population is 
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Fio. 81. North central part of Mason county. 
Scale, 1 Inch equals 6 miles. 

steadily increasing. Macadamized roads will soon be necessary, 
especially where the traffic is heaviest or where no satisfactory 
material save crushed rock may be had for highway con- 
struction. 
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EOAD MATEKIALS TESTED. 

Serilil Number 79. 

About one mile north of the mouth of the Hamahama river 
there is a gently sloping hill with a steep cliff on the east side. 
The foot of the cliff is lapped by the waters of Hood's Canal. 
There is a face of rock exposed about 40 feet high and several 
hundred feet long. There is another cliff of rock out-cropping 
above the first and perhaps 40 feet further back, with a gently 
sloping terrace between them. A sample was taken from the 
lower ledge. According to the test it is a porous, greenish gray, 
decomposed basalt, in which the steam holes have become filled 
with secondary minerals. It is a rather soft rock, with average 
resistance to wear, low toughness, and excellent cementing value. 
Although the test made upon the rock showed that it is of poor 
quality in some respects, yet upon the whole it might be re- 
garded as a satisfactory road material. The rock is located 
convenient for transportation since scows may be anchored 
alongside the cliff at any stage of the tide. 

Serial Number 80. 
About 2 miles north of Hoodsport, on the property of Mr. 
John Sund, there is a little cliff of rock at the foot of a hill on 
the west shore of Hood's Canal. In a quarry which was once 
operated here there is a face of rock 26 feet high. An attempt 
was once made to make paving blocks out of the rock but it 
proved to be too soft. A sample was taken of the best rock in 
the quarry. As determined by the laboratory test the rock is 
a medium grained, light greenish gray, fragmental andesite, 
or in other words an andesite breccia. It is a rather soft rock 
with low toughness, average resistance to wear, and excellent 
cementing value. If used for highway construction it is best 
suited for roads subjected to light traffic. It is near the water's 
edge, and scows may be floated almost up to the ledge. Similar 
rock is exposed at other points northward along the shore. 
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OKANOGAN COUNTY. 

OENEEAL STATEMENT. 

Okanogan county is a very large one, embracing within its 
borders a great variety of topography. The western end of the 
county lies within the highest parts of the Cascade mountains ; 
the eastern end forms a part of what has been called the Okano- 
gan Highlands. Two broad valleys cross the county from 
north to south, viz., those of Okanogan and Methow rivers. A 
high divide separates these valleys. Along the eastern margin 
of the county, extending from north to south, there is a moun- 
tain ridge of gentle slopes, having a general height of 4,000 
feet above the sea. 
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The rock formations of the county exhibit a very great va- 
riety. The rocks of the higher mountains are generally granite, 
gneiss, schist, slate, quartzite, etc. Limestone, or marble, oc- 
curs at many places in the northern part of the county. Dikes 
and flows of basalt and andesite are found at many places in 
different parts of the county. The latter rocks yield the best 
material for macadamizing roads. Some of the limestone might 
also be used where the traffic is not too heavy. In all the larger 
valleys there are extensive glacial deposits, usually occurring 
as benches or terraces along the valley walls. These may be 
drawn upon for road materials upon the local highways or where 
the travel is not too heavy. Samples were secured only in the 
northeastern portion of the county, along the line of railway. 
No effort was made to study the road materials in detail off the 
lines of easy transportation. 

The precipitation per year varies in amount from 20 inches 
and more in the highlands to less than 10 inches along the deeper 
valleys. The region of least rainfall is that along the Okanogan 
river. Agriculture cannot be very successfully carried on in the 
Okanogan and Methow valleys without irrigation. Li both val- 
leys the soil is good, the water supply ample, and in a few years 
they will support large agricultural communities depending 
upon irrigation. The future road building will be in the thicMy 
populated portions of these valleys and smaller ones. Except 
for some work done upon the state road in the Methow vaDey 
the highways of the county have been but little improved. 

&OAD MATERIALS TESTED. 

Serial Number 81. 
Two miles southwest of Oroville, and one-fifth of a mile west 
of the county road, there is a limestone cliff over 100 feet in 
height, from the foot of which a sample was collected. The 
limestone is compact and massive, with a color ranging from 
blue-gray to white. It is entirely crystalline and wholly changed 
to marble. Some of it appears to be rather siliceous. It is a 
part of a limestone or marble area covering at least 2 square 
miles. A sample was collected and tested in the hope that it 
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might prove to be a useful road material. It was not tested for 
hardness or toughness, but is known to be low in both these 
particulars. It has low resistance to wear and fair cemaiting 
value. It is not recommended as a road material. Limestones 
also occur east of Oroville, and a lime-kiln was operated there 
scune years ago. 

Serial Number 82. 

Three miles northwest of Oroville, on the weat side of Osojoos 
lake, and one-eighth mile west of the county road there are large 
exposures of rock. They occur on the east face of Kruger moun- 
tain and are some hundreds of feet high in all. The lower part 
of the slope is more or less covered with masses of broken rock. 
A sample was collected from the broken rock at the base of the 
mountain. According to the test it is a grayish green, highly 
altered andesite, composed of large crystals of feldspar and 
hornblende in a groundmass of very fine crystals. It is a very 
hard rock with average toughness, high resistance to wear and 
fair cementing value. It should make a satisfactory road ma- 
terial. Rock similar to this occurs on the hill one mile west of 
Oroville. 

Serial Number 83. 

About one-half mile west of the railway station at Molson 
there is a small hill or knob of marble covering approximately 
5 acres. At the north end of this hill there is a steep cliff with 
a face 126 feet high. There is practically no overburden on 
any part of this little hill. A "Y" extends from the main track 
to within 300 feet of the base of the hill. The rock is massive 
and no bedding planes can be distinguished. It is finely crystal- 
line and has a color varying from cream to light blue-gray. 
Some of the marble is siliceous, and there are frequent lenses 
and veins of quartz. A sample was taken from the northeast 
end of the cliff, near the top. As tested the marble has average 
hardness, low toughness and fair cementing value. It was not 
tested for per cent, of wear. It is possible that it might be 
used satisfactorily on roads subjected to light trafiic. 
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Serial Number 84. 

At the Ruby mine, about S miles south of Chopaka station, 
there are large cliffs of rock. A spur track extends from the 
railway to the mine, alongside the cliffs. The rock has a medium 
to coarse grained granitoid texture and the minerals which 
compose it may be readily recognized. The color of the rock 
changes from light to dark as the mineral ingredients vary. 
The test made on the sample collected demonstrated that the 
rock is a coarse grained diorite containing both orthoclase and 
plagioclase feldspars and is technically a granodiorite. It is a 
hard rock, with rather low toughness, average resistance to 
wear, and low cementing value. It is only suitable for the 
foundation course in plain macadam construction. 

PACIFIC COUNTY. 

GENERAL STATEMENT. 

This county occupies the extreme southwestern comer of th^ 
state. It borders on both Columbia river and the Pacific ocean. 
The shore line is very irregular, abounding in deep indentations 
and projecting sand spits. The surface slopes gradually up- 
ward from the water level to the crest of the Coast range, which 
has a maximum height of 3,000 feet above the sea. Marshy 
conditions prevail along much of the shore line and in th^ lower 
river valleys. Broad alluvial valleys extend from tide-water 
well into the low mountains. 

A deep mantle of soil covers nearly all parts of the county 
so that rock outcrops are comparatively rare. The underlying 
rocks are prevailingly sandstone, shale and conglomerate, with 
occasional thin lenses of limestone. Dikes of basalt occur rather 
frequently, usually forming low knobs or hills. The sediment- 
ary rocks noted above are worthless for road use and the only 
bed-rock available is the basalt. Some of the basalt is too soft 
to be serviceable, but the most of it is capable of yielding crushed 
rock of good quality. 

There are no glacial deposits within the county and hence a 
general absence of beds of till, gravel and sand. There are 
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some gravel bars along the larger streams and along the ocean 
beach. Some of the highways have been surfaced with gravel 
and a beginning has been made in the construction of macadam- 
ized roads. 

The rainfall is so heavy that originally all the land surface 
of the county was heavily forested. A very large percentage of 
the forest remains uncut. In the Willapa valley, akmg the 
Columbia, and adjacent to the sea shore a good many farms 
have been cleared so that from this time on agriculture will be 
an increasing industry. With the development of agriculture 
there will come the necessity for a system of improved high- 
ways. Much of the transportation of the county is by water. 
The principal roads constructed thus far have been in the 
WHlapa valley, from South Bend eastward. 

ROAD UATEBIALS TESTED. 

8«rial Numb«r 85. 
About one mile northeast of South Boid, at the narrows of 
Willapa river, and on the north bank of that stream, there is a 
basalt ridge several hundred feet long. A small quarry was 
once developed where the 
ridge closely borders the 
river. A face of rock was 
exposed about 12 feet high, 
the foot of which is about 
85 feet above the level of 
the stream, with a steep 
slope of broken rock be- 
tween the cliff and the 
beach. The overburden of 
soil amounts to about 7 
feet. A sample was taken 
from the center of the 
quarry for the laboratory 
examination. Zt proved to be a fine grained, greenish black 
basalt, rather soft, with low toughness, average resistance to 
wear, and excellent cementing value. If the hardest portions 
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of the rock are selected for use it should make a very good roi^ 
material. 

Serial Number 86. 
One mile south of South Bend, in the SEly^ of Sec. 3*, T. 
14 N., R. 9 W., the county has purchased d acres of land for a 
quarry and crushing plant. At this place basalt outcrops along 
the walls of a deep ravine. The quarry will soon have a face 
about 800 feet long and 50 feet high. An overburden of S feet 
of soil must be removed. The rock crusher is operated by a 
traction engine. The top of the crusher is on a level with the 
quarry floor; a chute 45 feet long extends from the crusher to 
the bins below; a down grade haul carries the rock out to the 
county road. A sample of the crushed rock when tested was 
found to be a porous, light gray, fine grained basalt. It pos- 
sesses average hardness and resistance to wear, low toughness 
and low cementing value. It should make a satisfactory road 
material. The rock is used in surfacing the state and county 
roads of that vicinity. 

Serial Number 87. 
One and one-half miles northwest of Raymond and about one- 
half mile north of Willapa river there is a bluff of rock approxi- 
mately 600 feet high. At cm,e point, on the property of the Ray- 
mond Land and Improvement Company, some blasting has been 
done to determine the character of the rock. In this way a face 
nearly 40 feet high has been made. A sample was selected from 
the freshest rock at the face and according to the laboratory test 
it is a fine grained, light greenish gray, thin bedded standstone. 
It is a soft rock with low toughness, rather low resistance to 
wear, and good cementing value. It does not have the necessary 
qualities to make a proper road material. 

Serial Number 88. 
Between Lebam and Holcomb, and at a locality 1^ miles 
southeast of the latter place, rock is exposed in several cliffs 
on both sides of the river. In constructing its line the railway 
company changed the course of the river here and this point is 
commonly known as ^^Channel Change." On the south side of 



198 Bulletin No. «, Washingtan Geological Survey 



the railway, in Sec. 1, T. 18 N., R. 8 W., the railway once 
operated a quarry and used the rock for fills, rip-rap, etc. A 
bold face of rock was developed about 800 feet long and 60 feet 
high. The county road, which is only a few hundred feet south 
of the track, passes over this hill by a steep grade. The mass 
of rock consists of coarse angular greenish fragments in a more 
compact dark groundmass. It is a very soft rock and easily 
falls to pieces under the weather. Much of it can be easily cut 
with a knife. A sample for testing was taken of the best rock. 
It is a fragmental basalt, or basalt tuff, with low toughness, 
average resistance to wear, and excellent cementing value. It 
is so soft that it should only be used on the nearby roads, or 
those where the traffic is very light. 

Serial Number 89. 

There are several basalt cliffs between the mouth of North 
river and the crossing of the Chehalis county line. On the east 
side of the river, near the mouth, in the SE^^ o^ Sec. 26, T. 16 
N., R. 10 W., basalt is exposed for 1,000 feet or more along 
the bank. The rock makes a cliff from 10 to 80 feet high, over- 
laid by from S to 6 feet of soil. The rock has a gentle slope 
toward the river, and it would probably be necessary to work 
back into the hill for 200 feet or so to secure a vertical face of 
76 feet. A sample was secured near the south end of the diff. 
According to the test the rock is a fine grained, gray-black 
basalt, free from steam holes. It has average hardness, rather 
high resistance to wear, low toughness and excellent cementing 
value. It should make a satisfactory road material. It is con- 
veniently located for water transportation. 

Serial Number 90. 

About 8 miles from the mouth of North river, in the SE^ 
of Sec. 14, T. 15 N., R. 10 W., on the west bank, there is a 
ledge of basalt varying from 6 to 10 feet in height. The hill 
comes down to the river with a slope of about 25 degrees. Some 
of the rock is much weathered and very soft. A sample was 
taken of the fresher rock just above the water. In testing the 
rock it was found to be a medimn grained, greenish black basalt. 
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It is rather soft, with low toughness, average resistance to wear 
and excellent cementing value. It should make a good road 
material. This ledge of rock is very similar to all that found 
in this vicinity, on both banks of the river. 

Serial Number 91. 
At the mouth of Nasel river, on the north side, near the cen- 
ter of Sec. 4, T. 11 N., R. 10 W., back from the beach a little 
way, the bank is covered with large angular blocks of rock, 
which hide the ledge itself. The exact amount of rock here was 
not determined, but it is believed to be large. A sample was 
taken from some of the larger blocks. According to the test 
the rock is diabase, with substantially the same composition and 
qualities as basalt. Not enough rock was taken to determine 
in the laboratory the resistance to wear, hardness or tough- 
ness. It has a low cementing value. It may safely be recom- 
mended as a fairly good road material. 

Serial Number 92. 
Between Uwaco and Fort Canby some low cliffs of basalt 
occur along the water's edge. Immediately south of Uwaco, 
on a little cove, there is a promontory 75 feet or more in height, 
with a 20-foot face of basalt exposed back from the beach at 
the foot of the hill. A sample was taken from the foot of the 
ledge. The test shows that the rock is a fine grained, gray- 
black basalt, rather soft, with low toughness, average resistance 
to wear, and good cementing value. It should make a satis- 
factory road material under light traffic. 

Serial Number 93. 
At Ocean View, near Uwaco, there is a large basalt cliff facing 
the westward. It is a long cliff, varying from 80 feet to 160 
feet in height. In general it has an overburden of 10 feet of 
soil. The rock is greatly weathered and altered. A sample 
was taken from the foot of the cliff, near the water's edge. The 
test proved the rock to be a very dense, fine grained, dark gray 
basalt. It has low hardness, toughness, and resistance to wear. 
It has excellent cementing value, and should make an excellent 
material for roads having light traffic. 
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PIERCE COUNTY. 

GENEBAIi STATEMENT. 

Pierce county extends from tide-water on Puget Sound to the 
summit of the Cascade mountains, and hence has a great diver- 
sity in topography. The western part of the county is a 
iMToad lowland having an average height of 400 feet above 
tide. The eastern third of the county is wholly within the 
higher mountain ranges and peaks of the Cascades. The middle 
section of the county is occupied by the wooded foot hills that 
form the interstream divides. 
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Somp^e Ves'Ved 

FiQ. 34. South central part of Pierce county. 
Scale, 1 inch equals 6 miles. 

The bedrock of the county is made up in part of sedimentary 
rocks and in part of igneous rocks. The sedimentary rocks are 
usually sandstones and shales, with workable coal seams at some 
localities. These rocks are of no value in road building except 



The Road Materials of Washington 141 

that some of the harder sandstones have been used in the manu- 
facture of paving blocks. The igneous rocks are much the 
more abundant of the two classes. They include great lava 
flows as well as the deep-seated rocks such as granite and sye- 
nite. The varieties of rock which are most convenient for 
transportation and which may be utilized in road building are 
certain deposits of andesite and syenite. Unfortunately the 
great bulk of igneous rocks are not situated where they may 
be drawn upon for road use. 

When the bedrocks are traced from the mountains westward 
they sink below the heavy mantle of glacial sediments and wholly 
disappear. All over the lowlands of the county the till an4 
gravel deposits of glacial origin are very abundant. The 
gravels occur as wide-spread plains or prairies ; the till is usually 
found in the low terraces or ridges that are densely wooded. 
Good roads are easily made over the great gravel plains and a 
little grading is all that is usually necessary. The drainage is 
easily cared for because of the very porous character of the 
subsoil. Over the gravel prairies the surface streams are very 
few, the drainage being practically all underground. 

Except for the cities and towns the population of the county 
is largely limited to the rich alluvial valleys, such as that of the 
Puyallup. Here the forest has been cleared away and intensive 
farming is carried on with exceU^it results. The farms a« 
small and the density of population will soon require well- 
ordered systems of good roads. Already some roads have been 
given a permanent character by a proper grading, and the use 
of crushed rock from a quarry owned by the county. In other 
instances the roadways have been surfaced with gravel as a 
temporary expedient. Over the gravel plains, where the popula- 
tion is scant, it will doubtless not be necessary to use crushed 
rock in road-building except along the trunk highways. 

BOAD 1CAT£BIAI<S TESTBD. 
Serial Number 94. 

This sample is from the quarry belonging to Pierce county^ 
about one and one-fourth miles from Kapowsin, on the railway 



14S Bulletin Nv. ^, Washington Geological Survey 

spur to Electron. At this point a bold hill of rock rises above 
the track, having very little overburden. The steep face of 
the hiU adjacent to the railway is about 500 feet long and over 
100 feet high. The rock at the surface is very little weathered 
and fresh material may be readily quarried. The crushed rock 
is used by the county in the construction of macadamized roads. 
The rock is a fine grained, dark colored syenite. A sample was 
tested in the highway laboratory of the University of Wash- 
ington. According to this test the rock is hard, with moderately 
high resistance to wear ; it is low in toughness, with good cement- 
ing value. The toughness is not so low as to be a serious ob- 
jection. The worst feature is the extreme hardness of the rock 
which prevents the formation of fine materials under wear. 
This may make the surface slow in binding, especially for water- 
bound macadam. 

Serial Number 95. 

This sample was taken from a hill west of Ohop Station, 
something over 2 miles north of Eatonville. There are hills of 
similar rock in this vicinity, and along the railway toward 
Eatonville. Some of the hills are bare, while some are covered 
with a heavy overburden of soil. None of the hills exceed 60 feet 
in height. The rock is dark in color, with light colored crystals 
scattered through the groundmass. It is very much jointed and 
is deeply weathered along the joint planes. Some stripping is 
necessary in order to secure firm, solid rock. A specimen was 
collected of the freshest rock that could be found at the sur- 
face. As determined by the test the rock is a highly altered 
andesite, rather hard, with average toughness and resistance to 
wear, and good cementing value. If the weathered stone were 
rejected and only the fresh rock used it should make an excel- 
lent road material. 

Serial Number 96. 

About one mile east of La Grande the county road runs paral- 
lel to the railway, but about 160 feet above it. Alqng the upper 
side of the highway there are several outcrops of andesite, 
granite, and other rocks, the basalt being much in excess of all 
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others. The andeslte in its principal outcrop occurs as a cliff 
abou^ 50 feet high. It is situated in a convenient position to 
be loaded onto railway cars. A sample of the rock was taken 
for a laboratory examination. According to the test it is a 
very fine grained, steel gray, highly altered andesite. It is a 
very hard and tough rock with high wearing value and fair 
cementing value. It should make an excellent road material 
especially under heavy traffic. 

Serial Number 97. 

This specimen is from a hiU just east of Elbe, near the 
bridge across Nisqually river. The hill is about 50 feet high, 
nearly bare, and quite steep. The rock occurs in columns 12 
inches in diameter which stand in a vertical position. A sample 
was taken of the columnar rock for testing. Th^ result showed 
a grayish black rock made up of a very dark ground mass and 
containing small white crystals of feldspar. It is a hard ande- 
site, with low toughness, and average resistance to wear. It has 
good cementing value and should marke a fairly satisfactory 

road material. 

Serial Number 98. 

This sample was taken from a hiU a few hundred feet east 
of the locality just described. Its occurrense is very similar 
except in this case the hill is about 75 feet high. The rock is 
of a dark gray color when unweathered, hard, somewhat brittle, 
and much jointed. The rock weathers somewhat easily and 
breaks roughly but without sharp edges. It is an andesite of a 
porphyritic character. Although not tested for these qualities 
it is known to be brittle rather than tough and of only medium 
hardness. It offers low resistance to wear and has good cement- 
ing value. It would not be wise to use it in road building. 
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SAN JUAN COUNTY. 

GENEBAIi STATEMENT. 

This county is made up of a group of islands which is located 
between the mainland and Vancouver island. The largest is- 
lands are San Juan, Orcas and Lopez. These islands have been 
formed by a sinking or subsidence of the land whereby the sea 
has come in and filled the lowlands. The former hills and divides 
have been converted into islands and the valleys into bays, 
sounds, channels and straits. The present topography con- 
sists of low plains, rolling uplands, rounded hills and low moun- 
tains. The shore-line is everywhere greatly indented and ir- 
regular. It presents a constant succession of small promon- 
tories and shallow bays. 

As a rule the mantle of soil is thin over the islands so that bed- 
rock is close at hand. The shores are rocky almost everywhere, 
and about all the elevations outcrops of rock are of general oc- 
currence. The bedrock presents a wide variety in kind and 
character. In the northern portion of the islands, notably 
Waldron, James, and Sucia, the prevailing rock is sandstone. 
It is quarried for various purposes ; much of it is made into pav- 
ing blocks. The bulk of the bedrock of the islands belongs to 
the metamorphic division, such as crystalline limestone, schist, 
slate, and quartzite. In addition to the above there are intru- 
sions or dikes of various types of igneous rocks, such as granite, 
basalt, etc. For road building purposes several of these types of 
rocks may be utilised, and their distribution is such that the 
haulage need not be great. Gravel is almost wholly lacking, 
at least in its general distribution, and so this material can 
not be relied upon for road surfacing. 

Because of the smallness of the islands and the abundance of 
waterways the roads are short and much of the necesary trans- 
portation is by water. The climate and soil of the islands have 
been found to be particularly desirable for fruit growing. This 
will lead to intensive farming and in time to a large popula- 
tion. A system of first-class highways will be necessary to 
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connect shipping points with the orchards. To this time but 
little has been done in the matter of the construction of per- 
manent roads. 
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Fig. 35. Map of San Juan county. 
Scale, 1 inch equals 6 miles. 



Serial Number 99. 

About one-fourth mile west of Friday Harbor there is a 

little hiU 50 or more feet in height, with a cliff on the east side 

having a maximum height of 35 feet. All told the hill is several 

hundred feet long. The county road has been blasted through 

—10 
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this rock for a short distance. It is in the main a dark bluish 
gray, compact rock, breaking with an even to sub-conchoidal 
fracture, and giving sharp splintery edges. Some of it is 
schistose and foliated, much altered, stained and impregnated 
with iron oxide. A sample was selected from the more compact 
rock in the ledges along the county road. According to the 
test it is a quartzite, more or less impure. It is a hard, rather 
tough rock, with somewhat high resistance to wear and excel- 
lent cementing value. It should make a satisfactory road ma- 
terial. 

On the south side of the peninsula southeast of Friday Har- 
bor there are some low ledges and cliffs of metamorphic rocks. 
They vary from compact, greenish blue, silicious rock to foliated 
ferruginous schists. AH the rock is very much fractured and 
broken. On this peninsula there are areas thickly strewn with 
glacial boulders of granite, gneiss, schist, and other rocks. 
Some of the erratics are in the form of angular masses as much 
as 12 feet in diameter. 

On the northwest shore of San Juan Island, at Roche harbor, 
there is a large outcrop of limestone over 200 feet in height. 
The rock is massive and the bedding planes wholly destroyed. 
It is a light colored to bluish, compact limestone. At this place 
the Tacoma and Roche Harbor Lime Company has a very large 
lime-burning plant. The limestone was not tested for its value 
as a road material. 

Serial Number 100. 

Rocky ledges form the shores for much of the way around 
Lopez island. At Richardson, on the southwest shore of the 
island, the ledges are exposed in low cliffs which do not exceed 
25 feet in height. The overburden of soil is very light. A 
sample was taken near the wharf at Richardson. As proven 
by the test the rock is a light greenish gray, fine grained, com- 
pact, highly altered andesite. It is a hard, tough rock, with 
high resistance to wear and excellent cementing value. It should 
make an excellent road material. 
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Serial Number 101. 

On Orcas island, a little way northwest of Olga, there is a 
hill several hundred feet high. It rises from the shore of East 
Sound, with a steep slope and rocky ledges all the way from the 
water's edge to the summit. The rock varies much in char- 
acter from place to place. Some of it is compact and massive, 
while some of it is laminated and schistose. Usually the rock 
is much cut up and broken by joints and fractures. A sample 
was collected at a point about one-half mile west of Olga, and 
approximately 60 feet above the water. As proven by the test 
it is a medium grained, dark greenish gray, highly altered an- 
desite. It is a rather hard rock, with average resistance to wear 
and toughness, and good cementing value. It should make 
very good road material. 

Rock outcrops very generally around the shores of East 
Sound. Some of the rock is similar to that noted above, and 
some of it is limestone. Many low ledges of rock outcrop 
around the shores of West Sound also. On the west side of Deer 
harbor there is a perpendicular rock cliff over 100 feet high 
rising from the edge of the water. It is known locally as ^^glass 
rock." It is a very hard, coarse grained, vitreous quartzite, 
in which the pores among the whitish quartz grains have been 
completely filled with glassy looking quartz. 

Serial Number 102. 

Much sandstone is exposed along the southern coast of Wal- 
dron Island. At one place a quarry is operated by the North- 
west Contract Company. In the quarry a face of rock is 
exposed several hundred feet long, with a maximum height of 
SOO feet. At the west end of the quarry the basal rocks are 
conglomerate and coarse sandstone, while the upper rock is 
fine grained sandstone. A sample was selected from the upper 
beds at the west end of the quarry. As determined by the test 
the rock is a feldspathic sandstone. It is a soft rock with low 
toughnes, average resistance to wear, and fair cementing value. 
It should not be recommended as a road material in plain ma- 
cadam construction. The rock is used for jetty rock on 
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Gray's Harbor, and is also made into paving blocks and used 
on Seattle streets. 

SKAGIT COUNTY. 

GENEBAL STATEMENT. 

Skagit county is over 100 miles long by S4 miles wide, and 
extends from the sea to the summit line of the Cascade moun- 
tains. The shore line is very irregular and is characterized by 
headlands, bays, and islands. Adjoining the shore there is the 
great delta of Skagit river which makes up a conspicuous 
lowland. The eastern two-thirds of the county lie within the 
Cascade mountains, which are deeply cut by the valleys of the 
Skagit and its tributaries. 

The prevailing rocks of the county are schists, slates, crys- 
talUne Umestones, and other metamorphic varieties. Lying above 
these at several places there are true sedimentary rocks, such as 
sandstones and shales. In some instances the latter contain 
coal seams, as at Hamilton and near Sedro-Woolley. Occa- 
sionally there are dikes of andesite and basalt, which have been 
forced up through fissures from below. It is the latter kinds 
of rock that must needs be drawn upon for road material. The 
other varieties of rock are as a rule so lacking in hardness and 
toughness that they are not satisfactory. In some cases, as 
at the Fidalgo quarry on Deception Pass, a sandstone may have 
the necessary composition and physical properties to make use- 
ful macadam material. Gravel occurs at several places, mainly 
as terraces along the Skagit valley. In some places it is ac- 
cessible for use, and has been employed in surfacing roads. 

The principal towns and settlements of the county are within 
the lower Skagit valley. The soil here is of remarkable fer- 
tility, capable of supporting a large population. The principal 
highways will be those running radially from the shipping 
centers to the farming communities. The amount of traffic is 
such that many of these roads should be macadamized as early 
as possible. The distribution of good material is such that the 
haulage of crushed rock from quarry to roadway need not be 
for a long distance, or involve unusual expense. 
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EOAB MATEEIAIiS TESTED. 

Serial Number 103. 

This sample was taken from the state quarry, located on the 
extreme southern end of Fidalgo island, at the eastern entrance 
of Deception Pass. This is known as the Fidalgo quarry. At 

this locality the rock rises 
very boldly from the sea, at- 
taining a height above tide 
of over 400 feet. There is 
a slight reentrant or bay 
which has provided a good 
site for a crushing plant 
and insured quiet water for 
the moving and loading of 
scows. The transportation 
of the stone must be wholly 
by water. The water is suf- 
ficiently deep so that scows 
or vessels may come in and 
load at any time. The rock 
cliff is so steep that there is 
but little broken rock as a covering, and the vegetation is limited 
to a few trees. The rock is but little weathered at the surface 
and no stripping is necessary in quarry operations. The ex- 
treme height of the cliff makes a gravity crushing plant entirely 
feasible, and permits of a minimum cost of operation. 

The rock is of sedimentary origin but has been rather highly 
metamorphosed. It occurs in layers or strata, having a gen- 
eral east and west strike and a very steep northward dip. The 
natural joints in the rock are of sufficient number to cheapen 
the quarry operations and yet not yield too many flat surfaces 
among the crushed rock. It breaks with a conchoidal fracture 
and possesses very sharp edges. According to the test made 
upon it the rock is a dense, fine grained, greenish gray sand- 
stone, composed chiefly of orthoclase feldspar, and the secondary 
minerals, chlorite and epidote. It is a hard rock, with medium 
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Fio. 36. Fidalgo Island and state 
quarry. 
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toughness, rather high resistance to wear, and good cementing 
value. It should give satisfactory results when used as a road 
materiaL 

At Fidalgo quarry the state has installed a crushing plant 
consisting of a rock crusher, revolving sorting screen, storage 
bunkers, and scow loader. The rock crusher is an Austin Num- 
ber 6, rated at a crushing capacity of sixty tons of rock per 
hour, producing broken rock as large as two and one-half inches 

in diameter. The revolving screen sorts the crushed rock into 
three sizes. The storage bunkers consist of five bins with a com- 
bined capacity of 1,600 cubic yards. Each bin has two spouts 
for discharging its contents. The scow loader is a movable belt 
conveyor which transfers the rock from the bins to the scows. 
It has a capacity of 100 cubic yards of broken rock per hour. 
The rock is transported in large scows and used in the con- 
struction of state and county roads in those counties adjoining 
Puget Sound. 




Fio. 87. A — Some quarries and crashing plants near Burlington. B — Plan 
of quarry and crashing plant at state quarry on Deception Pass. 

Serial Number 104. 

About two miles northeast of Burlington there is a small, 
isolated, bare rock hill, surrounded by a broad, low plain. The 
maximum height of the hiU is 800 feet, and about its sides are 
steep cliffs of rock. On the south side of the hill the county 
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owns one acre of land and operates a quarry. The quarry is 
located at the foot of a steep, almost perpendicular cliff about 
126 feet high. The amount of overburden is a mere trifle. The 
amoimt of available rock is very great. The rock is generally 
compact and massive, but some of it is schistose. Small lenses 
and stringers of quartz frequently occur. The sample that was 
taken proved to be a fine grained, grayish green, highly altered 
basalt. It is a hard, tough rock, with high resistance to wear 
and fair cementing value. It is recommended especially for those 
roads that have a heavy traffic. 

The crushing plant at the quarry is operated by a traction 
engine. The rock has been used on about 4 miles of the county 
road between Burlington and Sedro-Woolley. Some of it has 
been down for several years and it is said to have proven satis- 
factory. 

Serial Number 105. 

About one-half mile north of Burlington there is a small hill 
with a maximum height of 200 feet. It has very little soil cover- 
ing, thus affording numerous rock exposures. On the south side 
of the hill, at the edge of town, a small quarry has been opened. 
The quarry is operated where there is a cliff about 150 feet 
wide and 60 feet high. A sample was taken from the quarry 
and tested. According to the laboratory examination the rock 
is a fine grained, steel gray, schistose slate. It is a soft rock 
with low toughness and fair cementing value. It is of too poor a 
quality to be used as road material. 

A crushing plant is operated in connection with the quarry. 
The floor of the quarry is high enough so that the rock is 
dropped into the crusher. After breaking it is lifted by con- 
veyors to the screen and bins. The rock is being used in sur- 
facing the streets of Burlington. It is dumped upon the streets 
and left to be packed down by use. The rock as seen on the 
streets appears to be very inferior in both wearing and cement- 
ing qualities, giving a muddy surface in wet weather and a dusty 
surface in dry weather. 
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Serial Number 106. 

Along the railway, about 2^^ miles south of Clear lake, there 
are 2 small hills of rock. The smaller one has the better rock 
and is nearer the railway. It is located about 200 yards east 
of the track. The hill is an isolated mass of rock about 200 
feet in diameter and 76 feet high. The rock is mainly bare of 
soil and is but little weathered. A sample was taken from the 
foot of the cliff nearest the county road. As determined by the 
test it is a fine grained, light greenish gray, highly altered 
diabase. It is a hard, rather tough rock, with high resistance 
to wear, and good cementing value. It should make a very satis- 
factory road material. The opportunity for opening a quarry 
here is good. For rail connection it would require a spur track 
about one-fourth of a mile in length, on a gentle downward 
grade to the quarry. 

Serial Number 107. 

About 8 miles west of Concrete a railway cut 600 feet long 
has been made through rock. On the north side of the track 
there is a vertical face of rock nearly 60 feet high. A second 
ledge 8 feet thick is exposed back of this, on the wagon road, 
at a height of 150 feet above the track. All the rock is much 
broken by joint planes. The appearance of the rock varies 
somewhat within short distances. The sample that was taken 
proved to be a medium grained, dark grayish green, highly 
altered diabase. It is a very hard and tough rock, with average 
resistance to wear and good cementing value. This rock should 
make a very good road material. 

North of Concrete, along the canyon walls of Baker river, 
there are large cliffs of crystalline limestone. One mile north 
of the railway bridge across Baker river, and on the east side of 
the stream, a face of limestone over 200 feet high is exposed. 
Material is taken from these localities for the manufacture of 
Portland cement at the two factories near the mouth of Baker 
river. 

One mile east of Faber there is a rock cut on the railway about 
1,000 feet long, and from 10 to 50 feet in depth. The rock is 
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of a dark color, but is not uniform in character. It is all 
rather brittle and easily shattered. Much of it is schistose, 
while some of it is finely granular to compact. No sample was 
taken for testing. 

Serial Number 108. 

Rockport is situated on a bench above Skagit river, and is 
hemmed in by high mountains on the north and northeast. About 
one-fourth of a mile east of the town a ledge of rock is exposed 
along the wagon road. The rock outcrops continuously for 
160 feet lengthwise, with a height to the ledge varying from 10 
to 80 feet. Other outcrops occur on the slope above, which 
steepens rapidly to the northeast. The surface rock is much 
jointed and fractured, and largely weathered. A sample was 
secured at a point along the highway where some blasting had 
been done, and where the rock was freshest looking. According 
to the test it is a greenish gray, highly altered andesite. It has 
average hardness and toughness, low resistance to wear, and 
good cementing value. It should be satisfactory to use in the 
construction of roads having hght traffic. 

Along the railway track, in the vicinity of Samish, there are 
many outcrops of soft rock, mainly schist. The rock is often 
talcose in character, and is always soft. Adjacent to the rail- 
way, one-fourth of a mile south of Samish, there is a ledge over 
50 feet high. Back of this there are other cliffs on the steep 
hillside which would give a total thickness of at least 240 feet. 
The state road occupies a shelf above the railway, where the 
solid rock is being excavated. A sample was collected of this 
fresh rock but it was lost in shipment. 

SKAMANIA COUNTY 

GENERAL STATEMENT. 

This is one of the counties that has a frontage on Columbia 
river. Except for a fringe of hilly, broken land along the river 
the entire county is one of high mountains. From east to 
west almost the entire width of the higher Cascades is embraced 
within the county. About one-half of Mount Adams and nearly 
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all of Mount St. Helens are included within the county bound- 
aries. 

But little is known of the rock formations of the county. 
Along Columbia river the only rock is basalt. It has been pro- 
duced in former ages as a series of lava flows. On the canyon 




Somple Ves4'ccl 



Fio. 38. Southern part of Skamania county. 
Scale, 1 inch equals 6 miles. 

walls along Columbia river several of these flows may be seen 
in a cliff or a series of cliffs. The rock is black and hard, gen- 
erally porous, but sometimes dense and compact. It is fre- 
quently jointed in such a way that it stands in columns — ^usually 
in a vertical position, but sometimes curved in fantastic shapes. 
The basalt occurs in such abundance that quarry sites, con- 
venient for the transportation of the crushed rock, and where 
the quahty of the material is first-class, may be readily found. 
Gravel occurs very sparingly, generally in bars along the river 
which are uncovered at the lowest stage of water. 

The people of the county live along Columbia river and in 
the small tributary valleys. The forest once grew everywhere 
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and but little of it has been cleared away. Fruit growing has 
been begun and in time that will probably be the chief agricul- 
tural industry. The transportation at present is very largely 
by water and rail. But few roads have been constructed as 
yet. When the time comes for macadamized highways the 
county will be fortunate in the abundance of first-class road ma- 
terial which it has at its command. 
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£OAD MATERIALS TESTED. 

Serial Number 109. 

This sample is from the east side of Cape Horn, a bold prom- 
ontory on the north bank of the Columbia 30 miles from Van- 
couver. Cliffs of basalt from 150 to 200 feet high extend east- 
ward from Cape Horn for some distance. Columnar structure 
is conspicuous, the columns being small and jointed, so that 

the rock is readily removed 
in small pieces. The rock 
is compact and nearly free 
from steam holes. The cliffs 
are quite bare of soil or 
vegetation and rock may be 
economically removed and 
shipped either by rail or 
water. Good quarry sites 
are common and the amount 
of good rock practically un- 
limited. According to the 

FIG. 39. Basalt cliffs near Cape Horn. ^^^^ ^^ie rock is a dense, fine 

grained, gray-black basalt. It is a very hard, tough rock, with 
rather high resistance to wear and fair cementing value. It is 
recommended as a very good road material. 

Serial Number 110. 

Cliffs reaching a maximum height of 500 feet occur between 

Ash and Cook. Near the latter place the cliffs are vertical, 

from 100 feet to 300 feet in height, and bare of soil or other 

covering. A sample was secured at the base of a cliff one-fourth 
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mile west of Cook. The rock is more massive than that at Cape 
Horn and less easily removed; but it is equally dense and hard. 
The locality affords an excellent quarry site. As determined by 
the laboratory examination this rock is a very dense, fine 
grained, gray-black diabase. It is a hard, tough rock, with high 
resistance to wear, and excellent cementing value. It should 
make a first-class road material. 

Basalt similar to that just described occurs east of Cook at 
several points. One locality is 2 miles away, at tunnel Number 
£, where there is a hill 75 feet high. A second occurrence is in 
a railway cut 4 miles east of Cook. The latter locality affords 
a face of rock 40 feet high, with a good opportunity to increase 
it by quarrying northward into the hillside. 

SNOHOMISH COUNTY. 

GENERAL STATEMENT. 

As measured by townships this county has an east and west 
extent of over 60 miles, and a north and south frontage on tide- 
water of over 36 miles. The western end of the county has a 
lowland topography, varied by terraces, low ridges and hills. 
The eastern two-thirds is a very mountainous country, rising 
gradually from the west until the summit line of the Cascades 
is attained. The mountains are trenched by the great valleys 
of Skykomish river and the two forks of Stillaguamish river, 
which have general east-west courses. 

Outcrops of rock seldom occur in the lowlands of the west- 
ern part of the county. The bedrock here is deeply covered 
under glacial deposits, mainly till and beds of gravel and sand. 
Both of these are utilized in road making and are fairly good 
where the volume of traffic is not large. Rock outcrops in 
abundance in all the mountainous portions of the county. As 
observed along the valley walls the prevailing rocks are schists, 
slates, quartzites, and crystalline limestones or marbles. Into 
these several kinds of igneous rocks have been intruded, such as 
granite, diorite, andesite, and basalt. Rocks belonging to the 
last class are the most desirable ones to use in road building. 
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Fortunately they occur at enough places so that the length of 
haul need not be great in supplying crushed rock for any road 
within the county. Probably material from Fidalgo quarry can 
be furnished to roads near tidewater at less expense than it 
can be obtained at any locality within the county. 

In the past the lumber industry has been the chief one within 
the county. The logged-off-lands are now receiving attention 
and their agricultural possibilities determined. The chief farm- 
ing commimities are in the broad alluvial valleys where the soil 
is excellent. The agricultural population has become so large 
that a system of good roads through the country has become 
necessary. Main lines of first-class highways connecting the 
larger towns are imperative. The county has now reached that 
stage of development when a well designed system of macad- 
amized roads should be planned at once, and constructed as 
rapidly as possible. 

ROAD MATERIALS TESTED. 

SeriaJ Number 111. 

One and one-fourth miles northeast of Granite Falls, in the 
S. E. 1/i of Sec. 7, T. 30 N., R. 7 E., there is a small hill about 
150 feet high. On the south side of this hill there is a quarry 
which is connected with the railway by a spur track one-fourth 
of a mile long. The face of rock in the quarry is about 60 feet 
long and 40 feet high, but the rock is exposed for at least 400 
feet along the south side of the hill. On the slope above the 
quarry a couple of ledges appear. The overburden of soil 
on the slope varies in thickness, but is very thin on the rim of the 
quarry. A sample was secured of the fresh rock from the 
quarry. By test it is a coarse grained, greenish gray diorite. 
It is a hard rock, with average toughness, high resistance to 
wear and fair cementing value. If used for highways it would 
be best suited for roads with heavy traffic. 

Serial Number 112. 

A portion of the southeast % of section 18, T. 80 N., R. 7 
E., located southeast of Granite Falls, has been purchased by 
the county as a quarry site. It has been planned to use the 
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rock from this quarry as road material. There are no extensive 
outcrops and the surface rock is much weathered. The rock is 
a soft black serpentine which can be readily cut with a knife. 
When rubbed it takes on a gloss or polish. It was so soft that 
the sample was not tested for hardness or toughness. It has low 
resistance to wear but excellent cementing value. Material of 
this kind cannot be recommended for use in road building. 

Serial Number 113. 

About one mile east of Granite Falls is a hill known as Iron 
mountain. It is located in sections 18 and 19, T. 30 N., R. 7 
E. The summit of the hill is 1,085 feet above sea level and about 
650 feet above the nearby railway track. The hill has gentle 
slopes with occasional outcrops of rock. A portion of the hill, 

owned by Mr. J. L. Snethen 
of Granite Falls, is almost 
all overlaid by diorite. This 
property has been leased to 
the Pacific Coast Granite 
Company of Everett. The 
company intends to quarry 
the stone for building pur- 
poses, street paving blocks, 
and monumental rock. At 
the surface the rock is much 
weathered and considerable 
stripping will be necessary 
to secure desirable stone. 
The sample that was tested 
proved to be a coarse 
grained, light gray diorite. 
It is a hard rock, with average toughness and resistance to 
wear, and fair cementing value. It should make a fairly satis- 
factory material for road construction. 

Serial Number 114. 

From Monroe south to Cherry Valley there is a good graveled 
road much of the way. Near the county line, and about 1,000 




Fio. 40. Rock outcrops and quarries 
at Granite Falls. 
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feet north of the C. B. Shingle Mill there is a rock cut along the 
east side of the highway. The principal rock exposure is 
about 160 feet long with a maximum height of 20 feet. There 
is very Kttle soil covering but the rock is weathered to a depth of 
several feet. The sample that, was tested proved to be a light 
gray, highly altered andesite, porphyritic in character. It pos- 
sesses average hardness and resistance to wear, low toughness, 
with good cementing value. It would be desirable to use such 
rock only on roads having light traffic. 

Serial Number 115. 

This sample was taken from the foot of a cliff 1^ miles 
north of Monte Cristo, and not far from Barlow Pass. The 
cliff is adjacent to the railway track and has a height of 125 
feet. According to the test the rock is a fine grained, dark 
grayish green, highly altered andesite. It originally contained 
steam holes which have become filled with chlorite, epidote, and 
calcite. It is a hard rock, with high wearing value, low tough- 
ness, and fair cementing value. It has the qualities of a good 
road material. 

Serial Number 116. 

One-half mile west of Index, along the railway track, there is 
a very large granite quarry owned by J. A. Soderberg, of Seat- 
tle. At this place there is a great cliff of granite, forming the 
south face of the mountain. The rock is unusually free from 
joints and very large masses are quarried out from the cliff. The 
stone is extensively used for street curbing, paving blocks, 
and as a building and monumental stone. A sample of the rock 
was selected and tested for its value as a road material. Ac- 
cording to the results of the test it is a coarse grained, light 
gray rock composed essentially of plagioclase feldspar, dark 
green hornblende, quartz and orthoclase. Technically it is 
defined as a granodiorite. It is a hard rock with low toughness, 
average resistance to wear, and fair cementing value. It would 
be suitable only for the foundation course in plain macadam con- 
struction. 
—11 
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SPOKANE COUNTY. 

GENERAL STATEMENT. 

Spokane county Is located on the eastern margin of the state. 
The eastern half of it contains numerous foothills and low 
mountains of the Rockies; the western half extends into the 
basalt plateau of the Columbia. The hills and mountains are 
characterized by rounded forms, and precipitous slopes are 
uncommon. The plateau is surfaced by rolling hills and oc- 
casionally trenched by small canyons. The chief stream of the 
county is Spokane river. East of the city of Spokane the val- 
ley of this river is broad and level floored ; northwest of the city 
the river flows in a canyon which continually deepens as the 
Columbia is approached. 

The rock formations of the mountains of the county are 
mainly granite, schist, and gneiss. The prevailing rock of the 
plateau is basalt. There are many places where the originally 
thin covering of basalt has been stripped away by erosion and 
a floor of granite or schist uncovered. The granite and similar 
crystalline rocks project westward as promontories in a sea of 
basalt. The lava in its outflows has entered many of the moun- 
tain valleys and formed re-entrants of basalt extending east- 
ward into the granite and its associates. In the western part 
of the county there is usually a deep soil covering so that out- 
crops are not numerous. 

There are two classes of road materials which may be had in 
the county, viz., crushed rock and gravel. Basalt of good 
quality may be found at so many points that it should be the 
rock most used. Tests were made upon the granite of several 
localities, as enumerated below. Gravel of excellent quality oc- 
curs in the Spokane and smaller valleys. It is mostly of 
granitic origin and make a satisfactory material for surfacing 
roads that have a light traffic. 

The suburban population of Spokane county has become so 
large that improved highways are now very necessary. As a 
ryile the making of first-class roads will not be difficult because 
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of the simple grades, the good drainage, and the abundance of 
road material of a high quality. 

ROAD MATERIALS TESTED. 

Serial Number 117. 

About one mile north of Hillyard, near the crossing of the 
Great Northern railway by the county road, there is a basalt 
ledge. This outcrop is on the east side of the track, about 50 
feet higher than the railway, near the foot of a hiU. At the 
base of the ledge there is a slope of talus 100 feet in length, 
which extends almost to the highway. A thin veneer of soil 
covers much of the basalt. There are a few steam holes but not 
enough to destroy the value of the material for road use. A 
sample was secured by breaking up several large blocks at the 
foot of the talus slope. As determined by the test the rock is 
a fine grained, grayish brown, highly weathered basalt. It is 
a hard, tough rock, with high resistance to wear and fair cement- 
ing value. It should make a very good road material. 

Serial Number 118. 

One mile north of Hillyard, and very near the locality last 
described, the railway passes through several small granite cuts, 
with from 4 to 12 feet of rock exposed. About 400 feet east 
of the railway, near the bottom of a hill, a ledge is exposed 
alongside the highway. A little quarry has been opened here 
and blocks of granite have been taken out. A sample was se- 
cured from some of the quarried blocks. It is a coarse grained, 
gray granite; a very hard rock, with low toughness, average 
resistance to wear and fair cementing value. It is not recom- 
mended as a suitable road material. 

Serial Number 119. 

A mile northwest of the station at Wayside, and just east of 
the railway. Dragoon creek flows through a small gorge about 
150 feet long. On the east side of this gorge there is a cliff of 
basalt 35 feet high. From this locality southward for 2 miles 
or more basalt is of common occurrence, generally in the forms 
of knobs and domes. A sample was collected from a knob di- 
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rectly across the track from the section foreman's house at 
Wayside. According to the test it is a fine grained, grayish 
black basalt. It is a hard, tough rock, with high resistance 
to wear and very low cementing value. As a road material it 
is only suited for the foundation courses in macadam construc- 
tion. 

Serial Number 120. 

West of Dart, at a distance of 600 feet from the railway, a 
ridge of basalt parallels the track for over 3,600 feet. The 
ridge is about 100 feet high, with frequent cliffs ranging from 
10 to 30 feet in height. At the foot of the ridge there is a long 
slope of broken rock. A marsh lies between the basalt ridge 
and the railway. A few small steam holes occur iii the rock. 
A sample was collected from the broken rock at the base of the 
ridge. As demonstrated in the laboratory the rock is a fine 
grained, gray black, pprous basalt. It is a hard rock, with 
average toughness, high resistance to wear, and low cementing 
value. It should make a satisfactory road material. 

Serial Number 121. 

On the east side of the railway at Milan there is a long ridge 
of rock several hundred feet high. The rock is much weathered 
and it is difficult to secure fresh rock. A sample was secured 
from a 30-foot ledge which is exposed about 300 feet east of 
the station. According to the test the rock is a greenish gray, 
highly decomposed porphyritic granite. Although not tested 
for these qualities, it is known to be of average hardness and low 
toughness. It has average resistance to wear and good cement- 
ing value. It is only of fair value as a road material. 

Serial Number 122. 

This sample was secured from the state quarry 1% miles 
south of Marshall. It is situated in the SWy^, of Sec. 27, T. 
23 N., R. 42 E. The quarry connects by means of a short 
spur track with the Palouse branch of the Northern Pacific rail- 
way. The quarry is located on the face of a cliff about 100 feet in 
height. The rock is basalt, much jointed, compact, and free 
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from steam holes. It is so little weathered that the surface 
rock is very fresh. The overburden consists of a thin layer of 
soil, with a scattering growth of trees. The test, made of a 
sample collected from the large broken blocks at the foot of the 
cliff, proved the rock to be a dark gray, fine grained basalt. It 
is a hard, tough rock, with high resistance to wear, and low 
cementing value. It should make a satisfactory road material. 
The equipment which is 



being installed at this 
quarry consists of a rock 
crusher, elevator, revolving 
sorting screen, and a stor- 
age bunker. The crusher 
is an Austin No. 6, rated 
at 46 cubic yards per hour. 
The storage bunker con- 
sists of 6 bins with a com- 
bined capacity of 412 cubic 
yards. The crushed rock 
is to be used in macadamiz- 
ing the state and county 
roads in this and neighboring counties. 
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Fig. 41. Plan of state quarry and 
crushing plant at Marshall. 



Serial Number 123. 

Immediately west of Marshall, in the NE^ of Sec. 21, T. 
24 N., R. 42 E., there is a hill 100 feet or more in height. The 
east slope is almost wholly covered with a talus of broken rock. 
Above the broken rock a cliff varying from 5 to 20 feet in height 
is exposed, with very little overburden. The county road and 
the Spokane, Portland and Seattle railway pass by the foot of 
the hill. Much of the rock abounds in steam holes, but at some 
points they are few in numbers. A test of the sample taken 
demonstrated that the rock is a fine grained, grayish black 
basalt. It is a hard rock, with low toughness, and fair cement- 
ing value. If carefully selected in quarrying it should make a 
satisfactory road material. 
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Serial Number 124. 

This sample was secured from a cliff of basalt 1% miles north- 
east of Marshall. The cliff is located in the NE^ of Sec. 14, 
T. 24 N.y R. 42 W., on the Spangle road, about one-third of a 
mile south of its junction with the Marshall-Spokane highway. 
The cliff is several hundred feet long. At its top there is a 
rock face 40 feet high with a broad and steep talus slope at the 
base which extends to the road. The rock breaks with a con- 
choidal fracture and sharp edges. It is compact, with very few 
steam holes. According to the laboratory test made upon it 
the rock is a fine grained, dark steel gray basalt. It is a hard, 
tough rock, with low cementing value. It should make a satis- 
factory road material. 

Serial Number 125. 

One mile northeast of Cheney, in Sec. 7, T. 83 N., R. 42 E., 
the Northern Pacific and the Spokane, Portland and Seattle 
railway tracks are side by side, the latter being in a cut 30 feet 
below the former. This cut exposes a face of rock from 10 to 
30 feet in height and over 1,000 feet long, with very Uttle or no 
overburden. Some of the rock is worthless as a road material 
because of the high percentage of steam holes. In other places 
the steam holes are not so numerous as to interfere with the gen- 
eral quality of the rock. A sample was collected of the best 
appearing rock, and upon testing proved to be a dense, fine 
grained, gray black basalt. It is a hard rock with low tough- 
ness and excellent cementing value. If a quarry is located 
where the rock is best the material may be used satisfactorily in 
macadam construction. 

Serial Number 126. 

About 1% miles east of its station at Medical Lake the North- 
ern Pacific railway passes through a rock cut 150 feet long 
and five feet deep. The rock is a medium grained, dark gray 
basalt, free from steam holes. It is hard and tough, and breaks 
with a shell-like fracture. When tested it showed average re- 
sistance to wear and low cementing value. It should make a 
satisfactory road material. 
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Serial Number 127. 

At the west side of the north end of Silver lake, near the town 
of Medical Lake, a granite quarry is operated by J. W. Morris. 
The rock receives a beautiful polish, and is made into monu- 
ments. A sample was collected from this quarry. According 
to the test it is a light gray, coarse grained granite. It is a 
hard rock with average resistance to wear, low toughness and 
fair cementing value. It is not recommended as a road mater- 
ial, except in the foundation course. 

On the west shore of Medical Lake there is a granite quarry 
operated by Alfred Giles. It is located at the foot of the hill 
below the state hospital for the insane. In the quarry there is 
a face approximately 150 feet long and 80 feet high, and the 
bottom of the quarry is below the surface of the lake. The 
rock is quarried for building stone and monuments. It is very 
similar to the granite last described. 

Serial Number 128. 

This sample was taken from a cut along the Spokane, Port- 
land and Seattle railway, near the south line of Spokane. The 
cut is over 500 feet long, with a maximum depth of ^5 feet. In 
the cut there is a stratified light colored clay overlaid by basalt. 
The basalt is heavy, massive, and free from steam holes. It is 
fine grained, and Ught gray in color. When tested it was 
found to have average hardness, but is a little low in toughness. 
Although it is low in cementing value, it should make a fairly 
satisfactory road material. 

Serial Number 129. 

For nearly all the distance from the Spokane river to High- 
land the Great Northern railway is paralleled on the west by a 
high ridge of basalt. In some of the bolder cliffs several dis- 
tinct flows may be recognized. Nearly all of the lava is porous 
and vesicular. Some of it approaches a true pumice. Only at 
rare intervals can any be found which could be considered as a 
possible source of road material. Occasionally there are some 
basaltic columns where the rock is compact and rather free from 
steam holes. In all such cases the amount of overburden is too 
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great to use these columnar deposits. At a locality about 2 
miles south of Highland there is a 40-foot cliff where the slope 
of broken rock beneath it reaches to the track. The rock in the 
cliff and talus slope has a low percaitage of steam holes and 
probably would be serviceable as a source of road material. A 
sample was secured from the broken rock on the slope. As in- 
dicated by the test the rock is a fine grained, dark gray basalt. 
It is a hard rock with average wearing value and low cementing 
value. If the rock were carefully selected it should make a 
satisfactory road material. 

STEVENS COUNTY. 

GENERAL STATEMENT. 

This is a very large county, occupying the northeastern cor- 
ner of the state. It is marked by great diversity of topogra- 
phy. It has three conspicuous north-south valleys, with a cor- 
responding number of high mountain divides. The Columbia 
and Pend Oreille rivers flow in deep valleys, usually narrow; 
the Colville occupies a valley of moderate depth and great 
width. The highlands are very irregular and broken, and uni- 
versally forest clad. 

There is a great variety of rocks within the county. The 
mountain spurs or outliers of the Rockies are composed chiefly 
of quartzite, schist, slate, and crystalline limestone or marble. 
Intruded into these are great dikes of igneous rocks, such as 
basalt and andesite. The great flow of the Columbia basalt 
overlapped the southern rim of the county to some extent. As 
a rule rock exposures are numerous and may be found almost 
everywhere. The basalt affords the best road material and 
should be used whenever convenient. Some tests were made on 
the crystallized limestones or marbles which are very widespread 
in occurrence. As a rule this variety of rock is rather soft to 
use as a road material, although its cementing value is high. 
On the other hand the granites and granodiorites are very hard 
but their cementing power is weak. Beds of granite occur 
abundantly along the sides of all the valleys and may be utilized 
in surfacing the less travelled roads. 
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STBVBNS COUNTY : Along the Colville valley from Loon Lake to Arden. 

Scale, 1 inch equals 6 miles. 
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The chief towns of the county are located in a linear arrange- 
ment within the large valleys. Trunk lines of highways will 
soon be a necessity to connect these towns in a chain-like fashion. 
The agricultural industries are rapidly increasing in importance 
in the valleys and the rural population growing. Road build- 
ing will soon needs be undertaken on a large scale. The county 
is fortunate in having road materials so conveniently spaced 
that the length of haul will usually not be great. 

BOAD MATEBIAIiS TESTED. 

Serial Number 130. 

At the south end of Loon Lake there are some small hills of 
granodiorite. The rock is exposed in railway cuts from 5 to 
30 feet in depth, and in ledges to the northeast of the railway. 
AH the rock is much weathered near the surface. A sample 
was taken about 50 feet above the railway, on the east side of 
the track. As demonstrated by the test it is a very coarse 
grained, light gray rock, intermediate in composition between 
a granite and a diorite and hence called a granodiorite. It is a 
hard rock with low toughness, average resistance to wear and 
fair cementing value. It can not be recommended as a ma- 
terial for straight macadam construction other than in the 
foundation course. 

Serial Number 131. 

This sample was secured from the broken rock at the foot of 
a basalt bluif about SOO yards east of the station at Springdale. 
The bluff is 200 feet or more in height with a long slope of 
broken rock which extends down to the railway track. The 
broken blocks range in size from 1 inch to S feet in diameter, 
and appear on the surface just as fresh and unaltered as rock 
from within the ledge. The amount of rock available is very 
large and it is a very convenient location for a quarry. The 
rock is a fine grained, dark gray basalt, which breaks with a 
shell-like fracture and has a clinking sound when struck with a 
hammer. In the rock there are a few tiny steam holes. The 
rock is hard and tough with high resistance to wear and low 
cementing value. It should make a satisfactory road material. 
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STBYENS COUNTY : Along the Columbia and lower ColTllle TaUeys. 
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A little way northeast of Springdale there are large deposits 
of crystalline limestone. This was once an important center 
for lime burning. The limestone runs so high in magnesia that 
it is no longer burned for quicklime. The rock is fine grained 
to compact and varies in color from white to very dark gray. 
No sample was taken for testing. 

Serial Number 132. 

This specimen was taken from a basalt ridge 4^ miles west 
of Valley and 1^ miles southwest of Wait's lake. The ridge 
is one-fourth of a mile southeast of the county road and has a 
length of several thousand feet. At the top of the ridge there 
is a perpendicular face of rock varying in height from 10 to 40 
feet, with a steep slope of broken rock from ^00 to 400 feet in 
width. There are some tiny steam holes but very few large 
ones. According to the test the rock is a fine grained, dark 
steel gray, porous basalt. It has average hardness, is a little 
low in toughness, rather high resistance to wear, and very low 
cementing value. It should make a satisfactory road material. 

Serial Number 133. 

East of Chewelah, in the W^^ of Sec. 18, T. 82 N., R. 41 E., 
there is a ridge of marble from 50 to 100 feet in height. On 
the ranch of John Schoenberg, where the ridge is nearly 100 feet 
high, some of the rock was quarried years ago and burned for 
quick lime. The beds strike north and south, and dip west- 
ward at an angle of 44 degrees. The layers vary in thickness 
from 8 to 18 inches, and vary in color from white to dark gray. 
A sample was secured at the old quarry. According to the 
test the rock is a dolomitic marble of average hardness and re- 
sistance to wear, low toughness and good cementing value. If 
used on highways it would be best suited for roads with a light 

traffic. 

Serial Number 134. 

Immediately east of the railway at Blue Creek there is a rocky 
hill about 150 feet high. It consists principally of a greenish, 
fine grained rock, some of which is slightly schistose. Outcrops 
occur at intervals from the base to the top of the hill. The 
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amount of overburden is small. A sample was secured from a 
ledge about 30 feet above the railway track. As determined in 
the laboratory the rock is a highly altered gabbro. It is a 
hard rock with average toughness, high resistance to wear and 
fair cementing value. It should make a satisfactory material 
for macadamizing highways. 

Serial Number 135. 

This sample was taken from the broken blocks at the foot of 
a long cliff 2 miles north of Addy. According to the test made 
upon it the rock is an altered granite porphyry. It is a hard 
rock, with average toughness and resistance to wear, and good 
cementing value. It is recomended only for the foundation 
course in plain macadam construction. 

Serial Number 136. 
One mile southeast of Orin there is a ridge of granite with 
cliffs from 50 to 100 feet in height. The cliffs are always bor- 
dered by large talus slopes. They are not over one-fourth of 
a mile from the railway track, with level ground between. A 
sample was secured from the foot of a cliff near the limestone 
contact. As determined by the test the rock is a coarse grained, 
light gray granite. It is a hard rock, with low toughness and 
resistance to wear and fair cementing value. It is not recom- 
mended as a road material except in the foundation course. 

Serial Number 137. 
Northwest of Colville 2^/2 miles, and northeast of the rail- 
way, there is a hill several hundred feet high, with a long 
talus slope reaching almost to the county road. The hill is 
partly wooded but the overburden is light over much of the slope. 
A sample was taken from the northwest comer of the hill. It 
is a sandstone, with much iron. Not enough material was salt 
to the laboratory for all the tests to be made. The fresh rock 
is a dull bluish gray color, fine grained, with medium hardness 
and toughness. It possesses fair cementing value and it is be- 
lieved could be used satisfactorily in road building. It should 
not be used in macadamizing because better materials are not 
far away. 
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Serial Number 138. 

This sample was secured from a small hill one mile north- 
east of Kettle Falls in Sec. 24, T. 36 N., R. S8 £. On the 
hillside there is a cliff 50 feet high and several hundred feet long, 
with a large talus slope below. According to the test made 
upon the rock it is a medium grained, greenish gray, highly- 
decomposed diabase. It has average hardness, rather high re- 
sistance to wear, low toughness and good cementing value. It 
possesses the requisite qualities for a good road material. 

This rock has been used in surfacing a part of the highway 
from Kettle Falls to Meyers Falls. The rock was not run 
through a crusher, but the smaller fragments of broken rock 
at the foot of the cliff were used in their natural condition. 
The roadway was not crowned and the broken rock was packed 
down only by use. The rock was hauled over a private road 
one-half mile until the county road was reached. 
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Fig. 42. A — Ledge of basalt at Springdale. B — Deposit of volcanic ash 

at Meyers Falls. 



Serial Number 139. 
About 1,000 feet north, and a little east, of the railway sta- 
tion at Meyers Falls is the foot of a bluff 700 feet high and 
one-fourth of a mile long. On the south face of the bluff numer- 
ous ledges of rock crop out. Near the foot of the bluff there 
are some exposures of rock from 10 to 25 feet in height with a 
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long slope of detrital matter at the base. The detrital material 
consists of fragments of rock averaging an inch or two in diam- 
eter, mixed with a reddish clayey soil. This broken rock has 
been used in its natural condition with fair success on the main 
street of Meyers Falls. Only a thin veneer of the rock was 
applied and it was left to be packed down by traffic. A sample 
was taken from the fresher rock for a laboratory test. It 
proved to be a fine grained, greenish gray, highly indurated 
volcanic ash. It is a tough rock with average hardness, rather 
high resistance to wear and fair cementing value. If properly 
prepared it should make a satisfactory material for road con- 
struction. 

Serial Number 140. 

At Evans the Idaho Lime Company operates a lime-burning 
plant consisting of three kilns, with a capacity of 100 barrels 
for each 24 hours. A quarry face has been developed 200 feet 
long and from 6 to 25 feet in height. The overburden of soil is 
slight. The rock is a compact, crystalline limestone, or marble. 
A sample was selected from the quarry. According to the test 
it is a rather soft rock with low resistance to wear and fair ce- 
menting value. As a road material it would be suitable only 
for roads having a very light traffic. 

Serial Number 141.* 
From Northport down the Columbia river as far as Bossburg, 
the valley is bordered on both sides for much of the distance 
by bluffs of crystalline limestone or marble, varying from 500 
to 1,200 feet in height. At Hudson, 2% miles southwest of 
Northport, there is a quarry where marble has been taken out 
for use as a flux at the Northport smelter. The face of rock in 
the quarry is about 250 feet long and from 50 to 100 feet in 
height. A short spur track connects the main line with the 
quarry. According to the test made upon it the marble is a 
rather soft rock with low toughness, average resistance to wear, 
and fair cementing value. It would not be wise to use this 
marble as a road material except on highways subjected to very 
light traffic. 
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Serial Number 142 

One mile northeast of Camden, a few hundred feet west of 
the railway track, there is a hill of granitic rock several hundred 
feet high. A cliff of rock 50 feet high is exposed near the base 
of the hill. A sample was taken from the broken blocks at the 
foot of this cliff. By test the rock is a coarse grained, mottled 
gray granodiorite. It is a hard rock with low toughness, aver- 
age resistance to wear and fair cementing value. It is not rec- 
ommended as a road material except for the foundation course. 

Serial Number 143. 

Two miles northwest of Newport the railway runs through 
some rock cuts. The largest cut is 250 feet long and 20 feet 
deep. The rock is stratified, with a strike of north 18 degrees 
west and a southwest dip of 40 degrees. A sample was se- 
cured at the middle of the largest cut. As proven by the test 
the rock is a very dense, fine grained, greenish gray, highly in- 
durated sandstone. It is a hard rock, with average resistance 
to wear and low cementing value. It is not a desirable rock to 
use in road building. 

Serial Number 144. 

This sample was taken from a ledge along the highway about 
1% miles south of Wolf red. At this point the rock has been 
blasted out to make a roadway and fresh samples were secured. 
As determined by the test the rock is a greenish gray, altered 
granite porphyry. It is a hard, rather tough rock, with high 
resistance to wear and fair cementing value. It is best suited 
for roads having a heavy trafiic. 

Serial Number 145. 

Between Dalkena and Wolfred there is a range or ridge of 

low hills not over 200 feet high, on the east side of which there 

are occasional small exposures of weathered rock. A sample 

was collected near the top of a hill about 2 miles west of Wolfred 

and 500 feet south of the railway. The hill is about 150 feet 

high with a 50-foot ledge of rock exposed. As determined by 

the test the rock is a greenish gray, highly altered rhyolite. 
—12 
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It is a hard rock, with rather high resistance to wear, low 
toughness and fair cementing value. As a road material it 
would be best suited for use in the foundation course in macadam 
construction. 

Serial Number 146. 

Less than a mile north of Ruby the river makes a bend around 
a protruding bluff of granite. A sample was taken of the 
fresh rock in the railway cut at this place. As determined by 
the test it is a hard rock, with very low toughness, average re- 
sistance to wear and fair cementing value. It is not a desirable 
rock to use in the construction of macadam roads. 

THURSTON COUNTY. 

GENERAL STATEMENT. 

This county is located within the basin of Puget Sound. At 
the extreme eastern end of the county there are some elevations 
which represent foothills of the Cascades. Along the western 
margin of the county there are hills which are outliers of the 
Olympics. Apart from these highlands the whole county is a 
lowland, but little above the sea. The shore line is very irreg- 
ular, being marked by inlets, bays, points and islands. 

Outcrops of rock occur very frequently in Thurston county. 
The chief locedities where bed-rock appears at the surface are 
among the hills of the eastern and western margins and along 
some of the streams near the southern boundary of the county. 
The chief kinds of rocks are sandstones and shales on one hand, 
and intrusions or dikes of basalt on the other. The former 
occur mainly in the southern part of the county, as at Tenino 
and Bucoda, where they contain seams of coal. As a rule these 
rocks are worthless in road building. Outcrops of basalt occur 
among the hills at the western end of the county, and at least 
two localities on Puget Sound. In general this rock will pro- 
duce road materials of excellent quality. 

The lowlands of the county consist very largely of plains of 
gravel of glacial origin. The gravels are so porous that the 
rainwater is carried away chiefly underground and jsurface 
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streams are few. Because of the perfect drainage and easy 
grades good roads are easily made anywhere over the gravel 
plains. The gravel affords good material for surfacing wher- 
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Fio. 43. Western part of ThnrBton county. 
Scale, 1 inch equals 6 miles. 

ever the traffic is light. Occasionally beds of boulders are 
found which would yield good crushed rock for macadamizing^ 
purposes. The boulders are generally of igneous origin, and 
are mainly granite, basalt and andesite. There are ample 
basalt ledges to yield the necessary crushed rock for the main 
thoroughfares or trunk lines of the county, and the gravel that 
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is everywhere so abundant will insure an exceUent system of sec- 
ondary roads. 

BOAD MATEBIAIiS TESTED. 

Serial Number 147. 

South of Olympia, at Tumwater, soft, weathered basalt out- 
crops at the falls. About a mile southwest of Tumwater, near 
the top of the hill, there is a small abandoned quarry in which a 
rock face from 6 to 15 feet high and about 40 feet long is ex- 
posed. The basalt of the hill is covered with a thin veneer of 
soil. The weathered portion of the rock is rather soft. A 
sample was taken from some of the large blocks in the quarry. 
As indicated by the laboratory test the rock is a very fine 
grained, grayish black basalt. It is a hard, rather tough rock 
with high resistance to wear and good cementing value. It 
should make a satisfactory material for use in macadam con- 
struction. 

In Sec. 81, T. 18 N., R. 2 W., there is a hill on which basalt 
ledges from ^ to 6 feet thick crop out. This locality is about 
4 miles southwest of Tumwater, and west of the north end of 
Black lake. There are some small ledges along the wagon 
road at the foot of the hill, as well as above. The basalt is 
soft, dark, fine grained, and much weathered. 

In the NE% of Sec. 24, T. 17 N., R. 2 W., there is an 
abandoned quarry on the hillside. It is situated 5 miles south- 
east of Tumwater and one-fourth mile west of the Port Town- 
send and Southern railway. In this old basalt quarry there is 
a face of rock exposed about 75 feet long and 20 feet high. 
There is an overburden of soil ranging from 2 to 4 feet. The 
rock is dark gray in color, coarse grained, porous, very soft 
and yet quite tough. 

Serial Number 148. 

Near the south end of Eld inlet, or Mud bay, northwest of 
Olympia, there is a basalt quarry which was in operation for 
some time. It is located in the SE% of Sec. 2, T. 18 N., R. 3 
W., and belongs to Swan Solbeck. The quarry is situated on 
a hillside of moderate slope where there is an overburden of 
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about 3 feet of soil. Enough rock has been removed to give a 
face 40 feet high in the quarry. The floor of the quarry is 
about 500 feet from the beach and 160 feet above. The old 
tramway from the quarry passes above the county road, on its 
way to the bunkers at the water's edge. 

The rock was formerly quarried and scowed to Tacoma 
where it was used for riprap and in macadam construction. A 
sample was selected for testing from some of the large blocks 
in the quarry. The rock is a fresh looking, compact, fine 
grained, gray basalt. It is a hard rock, with average tough- 
ness, high resistance to wear and good cementing value. It 
should make a very good road material. 




Fio. 44. A — Basalt quarry west of Olympia, on Mud Bay. B — Ledge of 

rock 3 miles northeast of Gate. 

Serial Number 149. 
Three miles northeast of Gate, and one-fourth mile west of 
the county road, in the NW1^ of Sec. 20, T. 16 N., R. 8 W., 
some small ledges of rock are exposed in a creek bed and gully 
on the hillside. The outcrop is only 3 feet thick, but the face 
of rock can be readily increased to 10 feet by a Uttle blasting. 
According to the test made of this rock it is a dark greenish 
gray, coarse grained, gabbro. It is a soft rock with low tough- 
ness and resistance to wear and good cementing value. As a 
road material it is suitable for roads only that are subjected to 
light traffic. 
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Serial Number 150. 
About S miles northeast of Gate there is a 15-foot perpendic- 
ular ledge of basalt exposed on the west side of the railway 
track. The overburden consists of a thin layer of soil. The 
outer portion of the rock is weathered but that within the ledge 
is fresh looking and compact. According to the test made 
upon the sample taken from this ledge it is a iSne grained, dull 
greenish black, highly weathered basalt. It is a soft rock, 
with low toughness, average resistance to wear, and excellent 
cementing value. Because of its softness and low toughness, 
it would be suitable only for roads where the traffic was light. 

Serial Number 151. 
One and one-half miles west of Gate, near the county line, 
there is a basalt quarry on the north side of the railway track. 
It has been operated by the Northern Pacific Railway company 
for the purpose of securing rock for riprap. In the quarry 
a face of rock has heea developed 100 feet long and S5 feet 
high. The height can not be readily increased because there 
is only a gentle rise to the ground back of the quarry. The 
rock is so fractured and broken that only small blocks can be 
secured. A sample of the fresh rock was taken to be tested. 
It proved to be a gray black, very fine grained basalt. It is a 
soft rock with low toughness, average resistance to wear, and 
excellent cementing value. It should make a satisfactory ma- 
terial for roads subjected to Ught traffic. 

WAHKIAKUM COUNTY. 

GENERAI. STATEMENT. 

This is one of the smallest counties in the state. It has an 
east and west length along Columbia river of S5 miles, and ex- 
tends north from that stream for a maximum distance of 16 
miles. The surface is very hilly and irregular, the lowlands 
being confined to narrow belts along the main river and its 
tributaries. The rainfall is heavy so that the whole county 
was once forest clad. 

The rock outcrops along Columbia river are chiefly basalt. 
The basalt has come into place as surface flows of molten rock 
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rather than as dikes. Very much of the rock is too full of 
steam holes and other pores to be serviceable. There are manj 
localities where the rock is so dense and compact that it will 




Fig. 45. Map of Wahkiakum county. 
Scale, 1 Inch equals 6 miles. 



yield excellent material for macadamizing purposes. There 
are several places along the river bank where the cliffs of basalt 
are in such a position that the transportation problem is simple 
and the rock may be shipped with the greatest ease. 

The people of the county live mainly along Columbia and 
Grays rivers. The principal method of travel has always been 
by water. There are not many miles of public roads because 
only a few people live away from navigable water; as the for- 
ests of the alluvial and fertile valleys give way to farms the 
matter of good roads will be a serious one. When the necessity 
arises for first-class highways the abundance of basalt will 
make it possible for crushed rock to be delivered anywhere in 
the county by a short haul and at a minimum cost. 
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EOAD llATEEIAIiS TESTED. 

Serial Number 162. 

There is much basalt around Cathlamet, not only in the town 
but along Columbia river to the southeast, and in some of the 
hills to the northeast. Southeast of the town perpendicular 
basalt cliffs rise from the edge of the water. A sample was 
secured from the base of a cliff, one-third of a mile up the river 
from the Cathlamet wharf. At this point the cliff is 100 feet 
or more in height and has an overburden of several feet of soil. 
A scow can be readily brought to the foot of the cliff, so that 
transportation by water would be simple. The rock contains 
a small percentage of tiny steam holes. According to the test 
made of this rock it is a iSne grained, dark gray basalt. It is 
a hard rock, with low toughness, average resistance to wear, 
and fair cementing value. It should make a satisfactory ma- 
terial for macadamized highways. 

Serial Number 153. 

Three and one-fourth miles northeast of Cathlamet there is a 
small quarry by the roadside, owned by the county, which was 
opened in 1908. It is situated in the SE l^ of Sec. 81, T. 9 
N., R. 6 W. A face of rock has been developed which is over 
100 feet long and from 15 to ^5 feet in height. There is a 
slight overburden of soil. The hill has such gentle slopes that 
the face of the rock can scarcely be increased in height. Steam 
holes are present, and the rock varies much from place to 
place in the number of cavities. The steam holes vary in size 
from that of a pinhead to an almond. A sample of the fresh 
rock was secured for testing. The result showed the rock to 
be a very porous, iSne grained, grayish black basalt. It is a 
rather hard rock, with low toughness, high resistance to wear, 
and good cementing value. It should make a satisfactory ma- 
terial for highway construction. 

The rock crushing plant at the quarry consists of a portable 
steam engine, crusher, and steam drills. Several miles of the 
adjacent highway have been surfaced with rock from )tUis 
quarry, and the roads are in good condition. 
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Serial Number 154. 

About 1,000 feet west of the county quarry above described, 
near the intersection of the county road and the Bradley Log- 
ging Company's railway, there is a perpendicular basalt cliff. 
It varies from S5 to 50 feet in height, and extends for SOO feet 
or more along the railway track. In constructing the railway 
much rock was blasted out, thus giving fresh exposures. Back 
of the edge of the cliff there is a steep slope, with a veneer of 
soil. The amount of basalt here is greater than in the county 
quarry noted above. A sample was taken of some of the fresh 
material and tested in the laboratory. The basalt is dense, 
fine grained and gray black in color. It is a hard, tough rock, 
with high resistance to wear and fair cementing value. In 
macadam construction it could be used with success. 

Serial Number 155. 

There are some large exposures of basalt in the vicinity of 
Skamokawa, especially north of town. In the north part of 
the village, on the west side 
of the river, in the SW^ 
of Sec. 8, T. 9 N., R. 6 
W., there is a steep hill sev- 
eral hundred feet high. One 
end of the hill has been cut 
off, giving a face of rock 
about 75 feet high. The 
county quarries the rock 
here and prepares it for 
road use. A crusher and 
engine were placed in oper- 
ation in June, 1909. The 
crushed rock has been used 
in surfacing several miles 
of highway around Skamo- 
kawa. A sample was taken of some of the rock that was ready 
for the crusher. According to the test made upon it the rock 
is a fine grained, grayish black, porous basalt. It is a hard. 




FiQ. 46. Basalt ledges near Skamokawa. 
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tough rocky with high resistance to wear and fair cementing 
value. It possesses the qualities of a satisfactory road material. 
For several hundred feet north from the quarry the wagon 
road follows the foot of the perpendicular cliff forming the east 
face of the hill above described. The cliff is 150 feet or more 
in height and it presents some excellent examples of columnar 
jointing. The rock is compact and hard, and is far better ex- 
posed and appears more uniform in quality than at the county 
quarry. 

WALLA WALLA COUNTY. 

GENEBAL STATEMENT. 

This county has the Columbia and Snake rivers for its west- 
em and northern boimdaries, and Oregon for its southern one. 
In topography it has a mixture of plain, plateau, and mountain. 
Along Columbia river there is a low plain, from SOO to 400 feet 
above sea level. Groing eastward, this plain merges into a 
plateau which comprises by far the largest part of the county. 
The Blue mountains send their spurs for a little way across the 
eastern margin of the county. The plateau has a variable sur- 
face, sometimes very gently rolling, and at other times trenched 
by prominent canyons. The interstream areas often show that 
their surface slopes have been given their outlines by the action 
of the winds. The fine soil has been so wafted about by the 
prevailing winds that the hills have been shaped by that 
agency. 

Outcrops of rock are not abundant in the county because of 
the heavy mantle of soil. The chief places where they may be 
found are along the walls of the valleys, chiefly the canyons. 
In the northwestern part of the county there are occasional 
occurrences of sandstones and shales, such as may be seen in 
some of the cuts along the Northern Pacific railway. Similar 
rock occurs in the vicinty of Walla Walla where artesian water 
is obtained from it. Over the major portion of the county 
basalt is the underlying bed-rock. It makes conspicuous out- 
crops along the canyon walls of Snake river ; it forms low cliffs 
along the Walla Walla and Touchet rivers, and their larger 
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tributaries; it is occasionallj encountered in the railway cuts. 
Very frequently it contains so many cavities that it is of doubt- 
ful value as a road material. If it be carefully selected so that it 
is dense and compact it affords excellent material for macadam 
construction. 

The highway materials are almost wholly limited to those 
derived from bed-rock. There has been no glaciation within 
the conjSnes of the county and hence all gravel is of stream 
origin. Gravel occurs more or less abundantly in the bars and 
benches of the larger streams. It is usually quite inaccessible 
for road use and hence will never be utilized to any large ex- 
tent. 

This is preeminently an agricultural county, with the grow- 
ing of wheat and fruit as the chief industries. In the lowlands 
of the western margin irrigation is necessary for success in ag- 
riculture. In time there will be only a very small fraction of 
the county that is not under the plow. The construction of 
good roads on a large scale will soon be a necessity. The roads 
that are surfaced with dirt are always very dusty in summer 
and muddy in the winter and spring. The time is at hand 
when the main lines of highways should be macadamized and 
placed in a first-class condition. There is an abundance of 
basalt conveniently located for transportation to construct all 
the permanent roads that will ever be needed. 

BOAB MATEBIAIiS TESTED. 

Serial Number 156. 

This sample was taken from the state quarry at Dixie, which 
is 11 miles east of Walla Walla, on the branch line of the North- 
em Pacific railway which extends to Dayton. The quarry is 
located one-half mile southeast of Dixie. It is alongside the 
railway, with its floor 4 feet above the level of the track. The 
quarry has been opened at the foot of a hill which has a slope 
of about S5 degrees and an extreme height of SOO feet. The 
overburden of soil and broken rock varies from 1 to S feet. The 
steeper slopes about the hillsides are grass-covered while the 
gentler ones of the hilltop are cultivated. 
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The leng;th of the quarry face is SSO feet, with a maTimn fn 
vertical height of 60 feet. The rock is a fine grained basalt, 
dark in color, and has the usual conchoidal fracture with sharp 
edges. The base of the ledge, from the floor of the quarrj to a 
height of 30 feet, is very good rock. It is compact, hard, and 
free from steam holes. In the upper 30 feet of the quarry face 
the rock is more or less porous, containing steam holes and 
other cavities. According to the test made upon the rock 
from the base of the quarry face it has average hardness, low 
toughness, rather high resistance to wear, and fair cemoiting 
value. As crushed rock for macadam construction it should be 
satisfactory material. 

This quarry was opened some years ago and extensive ship- 
ments have been made to Walla Walla where it has been used in 
macadamizing the streets. It faas lately been transferred to 
the state, but a crushing plant has not yet been put in opera- 
tion. 




Serial Number 1B7. 

On the south wall of the valley at Waitsburg there are many 

outcrops of basalt. The overburden of soil is slight so that 

the character of the rock may be easily determined. The low 

chfTs near the base of the hill are made up of compact basalt, 
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rery free from steam hides. The ledges above have so much 
porous rock in them that they are of very doubtful value as a 
source of road material. A sample was taken of the basalt 
from the foot of the high bfaiff, a little above the edge of the 
river. According to the test the rock is a fine grained basalt ; 
hard and tough, with high resistance to wear aad k>w cement- 
ing value. If care is taken in selecting the rock which is free 
irom steam holes, the material from this place may be used suc- 
cessfully in road building. 

Serial Number 158. 

Immediately east of Lamar, and on the north side of Touchet 
river, a basalt hill rises for SOO feet above the railway grade. 
The hill is moderately steep, especially for a distance of 60 feet 
or so above its base, and has only a scant covering of soil. The 
railway has made 4 cuts through projecting points of the hill, 
in a distance of three-fourths of a mile. The rock is uniform 
in character and free from the quite porous variety and other 
worthless kinds. An excellent situation is ajBTorded here for a 
quarry site. A sample of the rock was secured at one of the 
railway cuts. It is dense, fine grained, gray black basalt; a 
hard, tough rock with high resistance to wear and fair cement- 
ing value. It should make a satisfactory road material. 

Serial Number 159. 

West of Touchet, along both the county road and the rail- 
way, outcrops of basalt are frequent. Very much of it is too 
porous and full of large cavities to be of any value as a road 
material. Here and there small areas may be found that would 
yield enough good material for local use. A sample was se- 
cured on a bare hillside about 2 miles west of Touchet. The 
great bulk of the rock is too full of steam holes to be safely 
used. The sample was taken from a small ledge where the rock 
was most free from holes. According to the test it is a black, 
porous, porphyritic basalt. It is a hard rock with low tough- 
ness, average resistance to wear, and excellent cementing value. 
It should make a satisfactory road material. 
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WHATCOM COUNTY. 

6ENEEAL STATXMJBNT. 

Whatcom county extends from the Gulf of Georgia to the 
summit of the Cascades. It has a maximum length of over 100 
miles and a width of 9,6 miles. The northwestern part of the 
county is a lowland from SOO to 400 feet above the sea. The 
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Fio. 48. Western part of Wbatcom county. 
Scale, 1 inch equals 6 miles. 
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remainder of the county is largely made up of the foothills and 
the high mountain masses of the Cascades. The mountains are 
pierced by some great valleys, such as those of the Nooksack 
and the Skagit. 

Except over the lowlands outcrops of rock are very abun- 
dant throughout the county. Very many varieties of rock are 
found. About Bellingham the common rocks are sandstones 
and shales. The former in some instances is used as a building 
stone but it is too soft for use as a road material. South and 
east of the sedimentary areas above noted the prevailing rocks.- 
are schists and slates. These are also too soft and have too little 
resistance to wear to make serviceable road materials. Crys- 
talline limestones or marbles outcrop in the vicinity of Kendall. 
Although of inferior hardness they would make fairly good 
road materials because of their superior cementing power. The 
rocks of the more inaccessible eastern portion of the county are 
largely schists and slates, with great areas of igneous rocks, 
such as andesites and granites. The rocks which are conven- 
iently located for use are generally of inferior value as road 
materials. 

Throughout the western end of the county glacial deposits 
abound, such as beds of till and layers of gravel. Where these 
materials have been used in road building they have given fair 
results. This is particularly true where the roadways have 
been well drained and where the traiBTc is light. The till con- 
tains enough pebbles to have good wearing qualities and enough 
clay to cement to good advantage. Both till and gravel make 
roads with a minimum of dust in the summer and with very little 
mud in winter. 

The lowlands of the county pdssess a good soil and the forests 
are rapidly yielding to farms. The rural population is increas- 
ing and the road mileage growing. A well ordered system of 
highways has been laid out to connect the towns one with an- 
other, and the farming centers with the towns. The roads in 
general have been regarded as among the best in the state. 
Certain trunk lines are now under construction and being 
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, planned that will require surfacing with crushed rock because 

of the heavy traflSc. It is probable that material for this pur- 
pose will needs be secured without the county. One of the 
nearest localities beyond the county boundaries is the state 
quarry at Fidalgo. There are other localities among the San 
Juan islands. 
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BOAD MATEBIALS T£ST£D. 

Serial Number 160. 

This sample was taken from a ledge along the railway track 
1 about 2 miles northwest of Wickersham. The rock is a light 

gray schist which outcrops at many places between Wickersham 
and Blue Canyon. It is a very soft rock and easily splits up 
into thin layers. In some places it closely resembles talc. The 
test made upon it proves that the rock has very low resistance 
to wear and low cementing value. It would be of no value in 
the construction of macadam roads. 
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Serial Number 161. 

jygn- Near Blue Canyon the rock is mainly coarse sandstone in 

jQfi which there are seams of coal. The rock occurs as high bluffs 

along the east shore of Lake Whatcom. The railway skirting 
^jts the lake has made many cuts in the sandstone. A sample was 

jjggj secured from a cut about 5 miles northwest of Wickersham. 

f^ As determined by the test it is a light yellowish gray, medium 

grained, loosely textured sandstone. It is a very soft rock with 
low toughness, very low resistance to wear, and very good ce- 
j, menting value. It is not recommended as a road material. 

lak Serial Number 162. 

ittl« A little way southeast of Deming there are ledges of sand- 
stone exposed along the county road and the railway. One of 

•ests the ledges consists of a bare knoll of rock 50 feet high, with a 

eftS- low cliff on one side about 150 feet long. Much of the sand- 

0ol stone is very coarse, and layers of conglomerate and beds of 

aD- shale are associated with it. A sample was collected from a 

sin small knoll adjoinig the roadway. According to the test it is 

^tc a medium grained, loose textured, yellowish gray sandstone. It 
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is low in hardness, toughness, and resistance to wear. It pos- 
sesses excellent cementing value. It could not be used satisfac- 
torily as a road material, and is not recommended. 

Serial Number 163. 

North of Kendall there is a mountain several feet high, with 
a steep southwest slope. The more gentle slopes of the moun- 
tain are wooded, but there are many bare places where the rock 
outcrops as low cliffs. The base of the hill is mostly schist and 
slate, while the principal rock on top is crystalline limestone, or 
marble. Near the north end of the mountain, on the west side, 
the limestone appears as bold white cliffs which are readily seen 
from the railway, 2 miles or so away. A sample was taken from 
this locality for testing. According to the laboratory returns 
the marble is a rather soft rock with low toughness, average re- 
sistance to wear, and fair cementing value. If used as a road 
material it would be best suited for highways subjected to light 
traffic. A spur track connects the marble above described with 
the main line of the Bellingham Bay and British Columbia 

railway. 

Serial Number 164. 

For some miles southward from Bellingham sandstone is ex- 
posed at intervals along the Great Northern railway and along 
the beach. The rock is quarried at Chuckanut and used as a 
building stone. Just north of the Skagit county line, and 
three miles south of Chuckanut, there is a railway cut in sand- 
stone which has a length of 1,000 feet. On the east side of the 
track the face of rock reaches a maximum height of 40 feet. 
The sandstone varies in texture from very coarse to very fine, 
and is interbedded with shales. A sample was selected from the 
freshest rock which could be found near the south end of the 
cut. As determined by the test it is a fine grained, light gray, 
loosely textured sandstone. It is very soft, low in toughness, 
and low in resistance to wear. Although it has fair cementing 
value it is not recommended as a road material. 
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WHITMAN COUNTY. 

GENERAL STATEMENT. 

This county is roughly rectangular in outline, with a maxi- 
mum length and width each of about 57 miles. In general its 
surface it that of a plateau, with an average height of 2,500 
feet above sea level. The plateau has been deeply cleft by 
Snake river which has incised a canyon over 2,000 feet in 
depth. Smaller canyons have been made by Palouse river and 
the lesser streams. Rising above the plateau, often for several 
hundred feet, there are a few elevations which represent western 
outliers of the Rocky mountains. Chief among these are Step- 
toe butte, Kamiak mountain, and Bald butte. The surface of 
the plateau is a rolling one which has been fashioned partly by 
the work of the winds and partly by running water. The soil 
is very fine grained and at a more arid time in the past was 
rather freely blown about by the winds. The outlines of the 
hills show the influence of the prevailing winds, the steeper 
slope being on the leeward side, and the more gentle slope on 
the windward side of a hill. 

The bed-rock of the county is almost wholly basalt. The 
deeper canyons, such as that of the Snake, have pierced the 
overlying basalt in a very few instances and have uncovered the 
rock beneath, generally granite. The mountains and buttes 
above mentioned are generally composed of quartzite, schist, 
and related metamorphic rocks. The flows of lava lapped 
about them but they have never been covered by the basalt. 

The outcrops of basalt are seen to best advantage along the 
canyon walls. They are also of frequent occurrence as the rim- 
rock borders of the smaller valleys. Along the railways are 
cuts through the basalt ledges. Much of the rock is very porous 
and not of sufiicient firmness to be recommended as road ma- 
terial. Deposits of compact and dense rock are of widespread 
occurrence and no locality wishing to find basalt of good quality 
for road use will need to seek very far. Beds of gravel are rare 
and are mainly limited to the bars and benches along the 
larger streams. 
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The great industry of this county is wheat growing. The 
farms are large and the rural population comparatively small. 
It is not likely that any of the roads will soon be macadamized 
except those of the largest importance which connect the towns. 
As a rule all the roads are muddy in the spring and very dusty 
in the summer and autumn. Whenever the surfacing of the 
trunk roads is undertaken ample amounts of good crushed rock 
will easily be secured. 

BOAD MATEBIALS TESTED. 

Serial Number 165. 

This sample was taken from Hughes' quarry, located on the 
hillside immediately south of the business portion of Colfax. 
The rock from this quarry has been much used as a building 
stone in Colfax, Moscow, and in other towns. It has also been 
used as paving blocks, in retaining walls, for foundations, etc. 
The rock is a very dense, iSne grained basalt, breaking with a 
sheU-like fracture and sharp edges. The floor of the quarry is 
60 feet above the level of the nearby county road. The floor 
area of the quarry is about 200 feet by 150 feet. The quarry 
face is 20 feet high, with an overburden of 10 feet of broken 
rock. As determined by the test the rock is very hard and 
tough, with high resistance to wear and fair cementing value. 
It should make a good road material for roads subjected to 
very heavy traffic. A crusher has been installed and is in place, 
although very little crushed rock has been produced thus far. 

Basalt of good quality occurs along the electric railway for 
several miles north of Colfax. About four miles from the town 
there are some cliffs of basalt that are well located for the es- 
tablishment of quarries. The quality of rock is good and the 
quantity practically unlimited. 

Serial Number 166. 

One mile southeast of Pullman, on the road to Moscow, there 
is a small basalt quarry on the hillside. It is located near the 
point where the two railway lines diverge on their way to Mos- 
cow. The quarry has a face of 16 feet which will constantly 
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increase in height as more rock is removed. There is no over- 
burden save a thin covering of soil. The rock is black in color, 
and fine-grained in texture. It is hard and tough, and the 
columnar jointing is common. A sample was taken of the 
fresh rock from the quarry. As proven by the test it has 
rather high resistance to wear and fair cementing value. It 
has the qualities of a satisfactory road material. Some of the 
rock has been crushed and used in surfacing the highway be- 
tween the quarry and Pullman. 
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Fig. 49. A — Basalt quarry near Pullman. B — Outcrops of basalt at Rosalia. 

Serial Number 167. 

There are numerous low cliffs about Palouse composed of 
excellent rock. Immediately west of the Northern Pacific rail- 
way station, on the south side of the river, there is a cliff of 
good basalt which has no overburden of soil. The cliff varies 
from 1^5 feet to 150 feet in height, and has a length of 400 
feet. A flat strip of land 300 feet wide separates the cliff and 
railway. There is another cliff one-half mile east of town on 
the electric railway line. The face of rock which could be de- 
veloped there in quarrying would not be more than 40 feet in 
height but the rock is of good quality. A sample was secured 
from this cliff. As proven by the test it is a dense, fine grained, 
gray black basalt. It is a hard, tough rock, with high resist- 
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ance to wear and good cementing value. For macadam work 
it should make good material. 

Serial Number 168. 

This specimen was taken from one of the outcrops on Steptoe 
butte. As far as can be determined the entire hill is composed 
of quartzite. The rock breaks readily into blocks which might 
possibly find a use in street paving. Opportunities for the 
opening of quarries are good because of the steepness of the 
slope and scanty soil covering. Transportation may be af- 
forded by the electric railway hne which runs near the western 
foot of the hill. As determined by the test of the sample se- 
lected it is a medium grained, light gray quartzite. It is a 
hard rock with low toughness and resistance to wear, and low 
cementing value. It can not be recommended for macadam 
road construction. 

Serial Number 169. 

This sample was taken from a quarry located less than a 
mile southeast of Rosalia, on the county road. The floor of the 
quarry is about 100 feet long by 40 feet in depth. The face of 
rock has a height of 20 feet with an overburden of 6 feet of 
broken rock and 1% feet of soil. The hill in which the quarry 
is located is flat-topped so that the height of the quarry face 
will not increase. The rock is a porous lava, fine grained, and 
steel gray in color. As determined by the test made upon it, it 
is a hard and tough rock with high resistance to wear and fair 
cementing value. It has in it the qualities of a satisfactory 
road material. 

The quarry at Rosalia is owned by the county and a rock 
crusher has been operated there for some time. The crushed 
rock has been used on the highways and on the streets of Ro- 
salia with very good results. 

Serial Number 170. 

Along the south bank of the Palouse river at Winona there 
are basalt cliflFs fully 80 feet in height. They extend length- 
wise for some distance and afford excellent sites for quarries and 
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crushing plants. A sample was taken from the cliff almost 
directly south of the town. As determined by the test the rock 
is a black, porphyritic basalt. It is a very hard and tough rock, 
with high resistance to wear and good cementing value. 
Crushed rock from this cliff should make an excellent road 
material. 

A sample was taken from a small quarry at Tekoa, but was 
lost in shipment and hence the rock was not tested. The quarry 
is owned and operated by George Hoffman. It is located within 
the town limits, about 300 yards from the station of the Oregon- 
Washington Railway and Navigation Company. The quarry 
face is 15 feet high and 100 feet long. The rock is coarse 
grained, hard, dark gray in color but weathers slightly brown. 

A sample was secured from a basalt cut immediately north of 
Lamont, but was lost by the railway company in shipping to 
Seattle. Both north and south of Lamont the railway has made 
cuts in basalt varying in depth from 10 to 30 feet. The natural 
cliffs of the region do not often exceed 30 feet in height. The 
rock is quite uniform in character and of excellent quality. It 
is hard, fine grained, compact, and of a greenish black color. 
The rock is not distinctly columnar but has a regular jointing 
which splits it up into large blocks. 

YAKIMA COUNTY. 

GENERAL STATEMENT. 

Yakima county has for its long western border the summit line 
of the Cascades; on its eastern margin it extends into the low 
plain of the Columbia. It has for its topography low plains, 
irregular plateaus and high mountains. The Yakima and its 
tributaries have in general very broad and open valleys. There 
are occasionally transverse ridges which these streams cross, 
producing water-gaps. The Yakima valley is bordered on op- 
posite sides by plateaus. The plateau on the west gradually 
rises until it merges into the mountains. 

In the lower and more accessible portions of the coimty there 
are two general varieties of rock. One of these is a series of 
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sandstones and shales which represents sediments once deposited 
in a large lake. This material is so soft that it is worthless 
from the standpoint of road building. The other variety of rock 
is basalt which is of common occurrence at the water-gaps and in 
the canyons. Gravel is foimd rather generally over the lowlands. 
The larger streams have brought down extensive deposits of 
gravel from their highland tributaries. 

Irrigation is necessary in all the lowland portions of the 
county to make sure of success in agriculture. Many thousands 

of acres are now under irri- 
gation in the Yakima val- 
ley. Intensive farming is 
carried on, the chief prod- 
ucts being fruit and hay. 
The farms are small and the 
rural population therefore 
large. In a very short time 
the irrigated portion of the 
county will support a dense 
population. The roads will 
be very numerous and will 
have a gridiron arrange- 
ment. It will at some time 
be necessary to macadamize 
the highways because of the 
heavy traffic upon them. 
Certain main lines of roads 
should be properly graded, 
surfaced with crushed rock, 
and placed in a first-class 
condition at once. The high 
value of the farm lands, the 
large number of people, and the abundant travel will warrant the 
construction of good roads on a large scale. 
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Fig. 50. Part of Yakima county, near 

North Yakima. 

Scale, 1 inch equals 6 miles. 
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SOAS MATERIALS TESTED. 

Serial NumbBr 171. 

This sample was taken from a basalt cliff S miles northwest 
of North Yakima, on the west side of the Northern Pacific 
Railway. At this locality Yakima river has cut through a 
high ridge, forming Selah gap. The walls of the gap rise 
about 600 feet above the river bank. On the west side of the 
gap the state owns a site for a quarry. It is located in the 
N. W. % of the N. W. l^ of section IS, T. 13 N., R. 18 E. At 
this place there is a small ravine or guUy forming a reentrant 
in the rock clifF, which gives an excellent opportunity for the 
opening of a quarry and the installation of a crushing plant. 
The face of the rock cliff has the proper inclination and the 
height to permit of the operation of a crushing plant on a 
gravity plan. The overburden is so small as to be practically 
negligible. The rock is a 
dark gray, medium grained 
basalt, breaking with the 
usual shell-like fracture and 
sharp edges. About one- 
half of it is very compact 
and free from steam holes. 
In the remainder cavities of 
various sizes are more or 
less abundant. There is 
an abundance of first-class 
rock available so that those 
portions of questionable 
value need not be quarried. 
According to the test made 

upon the sample it is a hard, fairly tough rock, with high re- 
sistance to wear and fair cementing value. It should give good 
results when used as crushed rock for macadamized roads. 

The state is opraing a quarry and establishing a crushing 
plant at the above locality. The quarry floor is to be 80 feet 
above the level of the nearby railway track. The plimt is 
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to consist of a rock crusher, a revolving sorting screen, and a 
storage bunker. The crusher has a rating of 45 cubic yards of 
rock per hour; the storage bunker consists of 6 bins with a 
combined capacity of 760 cubic yards. The shipments from 
this plant will be wholly by rail. 
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